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Compositions and Methods for Treatment of 
Hyperproliferative Diseases 



Background of the Invention 
Field of the Invention 



The mvenuon relates ,o composites compnsmg a retinoid X receptor 
W t and an agent c apa b le of act.vat.ng protein kinase A. The invention aiso 
rciates to methods of treaty hvperprohferative disea.es by admtmstenng a 
retmoid X receptor agonist and an agent capable of activating protein kinase A 



Related Art 



Retinoids and Receptors 



A number of studies have demonstrated that retires (vitamin 
denvatives) are ™,a, for norma, grovvth , ^ 
reproduction and overall sumval (for reviews and references, see Spom „ al ' 

Except for those involved in visual percept.on (Wald. G. « „/.. Science 
^230-239 (,968,). the m o,ecu,ar mechanisms under.y.ng the high,v diverse 
effects of reUnoids have unul recentlv remamcd obscure. The d.scovcrv of 
nucicar receptors for re.inoic acd (RA) (Petkovich „ ,/.. Nature ^444^50 
(1987); Giguere e, a, . Varure 330:624-629 (,9«7)) has great.v advanced the 
understand^ of how the retinoids may exen their p.eiotropic effects ,. eid M 

350(> 992)). „ is though, that the effects of the RA signa, are mediated through 
two famines of receptors - the RAR fannly and RXR fam„ y - which belong to 

.l>esuperf ami , y of,i g and.ind U cib,ct ra nscrip, 1 „n, re g ul ato f>f ac,ors,hat,nc,udc 
S .ero,d/,hv ro id hormone an,, vitamin D3 receptors ( for rcv.cws. see , e,d M 
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^rri fasebj iom5a ,,9%> ' g — v - *, 

" ^^^^^ 
Grone me > CT . II.. and La.dc, v ^ ^ ^ l?j ^ ^ " 

DCe , : ., Afec , Dc , ,„ M04(i994)) UnllketheRARs _ ^ ; 

*A <Cha mbon , p., w „ C£// ^ ^ i5 ^ . 
^ 0:91-104 (1994)' Linnev F ,. 

099--V Le'H M ^ ^ *< o/ ^--309-350 

zr regu,ato,y fac,ors thai ine,ude — *- — 

/ -^33 ( ,99 2); Lei , M.. „ u , C rf /«.,77. 3 9 5 (, «2 ): and L inn e y E 

/o ; **■ 2 ™ 9 - 35 ° «^ ^ exhIbIt . modular j^- 

^.^^^-^^-^ Based 

LT T ce Slffll,ari,y ^ the ch,cken — — "* 

h-an s, rog en and g , U coco n ,co,d receptor , Md ^ V .^. A 
A., e/a/. (EMBO.I. 5. 891-897 (1986)) defined six regions - A. B. C D f^and 
- ^ch d IS p la .v difl ere „ t de^es of evotaiontny conscrvat.on a mo „ g vaHous 
^ ° f — — «> hieh , _ rvcd ^ 

— -,ncfin g e rS a n dc OTCSp o n d st o (h e C o reoflheDNA , lndmed t oma , n 
(DBD), wh , ch „ rcsponsjble for ^ recogmtion ^ ^ 

^"J^* domain (LBD), ii contains a ligand-dcpcndent activation function (AF-?) 

I p r; nt ,n t ~ d n -™' oh,, .« 

Pt0rS , ,I,,ereS,mg,V - b ° th Ar "' ^ A 1-2 of « r ecep tors exhlba 
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and promoter context specific (Gronemeyer, H.. Amu. Rev Gene, 25 89- P3 
(1991)). 

It has been shown that activation of RA-respons.ve promoters likelv 
occurs tough RAR/RXR he.erod.mers rather than through homod.mers (Yu 
V - C -."«^Crf/«7:i 2 5,. 1 266(199]j:I. e id,M..« a /..CW/<W:377-395(1992b)- 

Du ^«^-.^^'/:73.85(1992);Na g pal.S..« a /..C e //7 fc ,007-1019(19K); 
Zhang, X.K.. et al. Nature 355, 44 1 -446 (1 992); Kliewer et al , Nature 355:446- 
449 ,1992); Bugged ,EMBOJ. 77:1409-1418 .1992); M^etal.EMBOJ 
77:1419-1435(1992); Yu.V.C etal.Cur. Op. Biotech. J:597-602 (1992): Le.d 
M.. et al. TIBS 17:427-433 (1992); Uudet and S.ehelin, Curr. Bio! 2:293-295 
(1992); (ireen. S, Nature Jtf7:590-591 (1993)) The RXR portion of these 
heterodimers has been proposed to be silent in retinoid-induced scaling 
(Kurokawa, R., et a!, Nature J7/.-528-53I (1994,; Format, B.M.. et al.. Cell 
81. 541-550(1995); Mangelsdorf. DJ.and Evans. R.M. Cell 83. 835-850(1995)- 

Viv a t.V. f/a /..^ B o^ 6 :5697-5709 ( ,997 ) )b,uconJl 1 c, lng results have been 
reported as far as the hgand-binding ability of RXR in heterodimers is concerned 
(Kurokawa, R., e, al . Nature 371 528-531 (1994); Chen, j,Y. et al, Nature 
i52:819-822(1996);Kersten,S. etal. Biochen, 35:3816-3824(1996); Chen Z 
* 1 M ° l BWI 275 ^ U C. et al. Proc. Natl Acad. Sci USA 

«:2278-2283 ( 1 997). The results of these and of genetic studies s.ronglv suggest 
that RAR/RXR heterodimers are indeed functional units that transduce the RA 
signal in vivo (Chambon, P.. Semtn Cell Biol 5:\ 15-125 (1994): Kastner P 
etal. <;,//, W:8 59-869 (1995): Mascrez. B. et al. Development ;2i:4691-4707 
(1"98)). Thus, the basis for the highly pleiotropic effect of retinoids may reside, 
atleast in part, in the control ofdifferen, subsets of rettnoid-responsive promoters 
by cell-specifically expressed heteroduneric combinations of RARUXR subtypes 
(and isoforms). whose activity may be in turn regulated by cell-specific levels of 
M-trans- and 9-m-RA (I.eid. M . et al. TIBS HMl -433 (1992)). 

The RXR receptors may also be involved in RA-indepcndent signaling. 
For example, the observation of aberrant lipid metabolism in the Sertoli cells of 
RXR P mutant animals suggests that functional interactions may also occur 
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bemecn RXR P and the 

pathway (WO 94^6.00; Kastne, K, „„., ( , ew , , />v . /W:8( , 92 ( , 9%)) 
Therapeutic Uses of Retinoids 



Overview 



As ret,no,c acid is know, to regulate the proliferative and differentiate 
capact.es of several mamma,™ celI ^ (Gudas L } & ^ ^ 

***** 2nd ed., Spom . M.B., „ e ds„ New York: Raven Pre,, pp. 443- 
- H994), rettnoids are use d in a vaHe, of chemopreven^ and 
chemotherapcutic .settings. The prevention of ora!. skin, head and ncek cancers 
-patients a, risk for these tumors has been reported (Hong, w. K e, al v 
** J. Me,. 375:1501-1505 (.986): Hong. W. K.. e, al, * Eng! j Med 
-—80, (.990,; Kraemer, K. H.. „ „ .V. En, , Med 

(, ^ M ^w..« rf ..^ 0 ^. J:J , 3J26(1W2):ai . eiiF ^ (rf f ^ 

J Cancer B Oral Oncol 2*:97-,02 (, W2); Costa, A., et al Cancer K „ 

cel. carctnoma of the cervix and the sktn (Yerma. A. K... Cancer R es 4^097 
5101 (1987): Lippman S. M. « al. J Nal! Cancer Jns , ^ ^ ^ 
Ltppman S. M.. el al.. J Nad Cancer ^ ^ ' ' 

sarcomaCBonhomme. L.. « Ann . 0ncnl 2:234 . 235 n991) , ^ ^ ^ 
secant use in the therapy of acute promvdoc>lic leukem , a M 

a/.. 72:567-57^ fiORsv 

(1988) - CaSta ' gne - S - « ^1704-1709 

J Clin. In.es:. ^2 1 50. 2 ,54 ( ,99,):Chen 2 .,^/. 

LuCoco.F..^/, 5Wr , I657 . 1659m9I);WarTdLRp ^ " 

5^,385-1393 ,99 I); Chom.enne. C. „ aL FASEB .1 lmmu 
(.996)^0^0^3. also used «o treat hyperproliferat.vesk.n disorders such as 
P-asis. ,3., retmoic acid (.sotretmoin) is commonly used as a dermatome 



WO 00/64260 

-5- 

Acute Pro myelocytic Leukemia (API) 
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A balanced chromosomal translocation, t(15;17), has been identified in 
most acute promyelocyte leukemia ( APL) cells (Larson, A.R.. et al. , Am. J. Med. 
76:827-841 (1984)). The breakpoint for this translocation occurs within the 
second intron of the RARa gene (Alcalay. M.D., et aL. Proc. Natl Acad. Sci. 
USA 5*1977-1981 (1991); Chang, K.S., et aL. Leukemia 5:200-204 (1991); 
Chen, S., et aL Blood 75:2696-2701 (1991) and within two loci of the gene 
encoding the putative zinc finger transcription factor PML (Goddard, A., et aL 
Science 254:1371-1374 (1991)). This reciprocal t(15;17) translocation leads to 
the generation of a PML-RARa fusion protein which is co-expressed with PML 
and RARa in APL cells (see Warrell, R.P., et aL. N. Engl. J. Med 52^:177-189 
(1993); Grignani, F., et al., Blood S3 .10-25 (1994); Lavau, C, and Dcjcan. A., 
Leukemia (ST 6 15-1 621 (1994); de The, H., FASEBJ. 70:955-960 (1996)). The 
PML -RARa fusion is apparently responsible for the differentiation block at the 
promyelocytic stage, since (i) it is observed in nearly all APL patients (Warrell, 
R.P.. et aL, N Engl. J. Med. 529:177-189 (1993); Grignani, F.. et aL, Blood 
55. 10-25 ( 1 994); Lavau, C, and Dejean. A.. Leukemia 8:\ 6 1 5- 1 62 1 ( 1 994)), (ii ) 
it inhibits myeloid differentiation when overexpressed in U937 or HL60 
myeloblastic leukemia cells (Grignani, F.. et aL. Cell 7*423-431 (1993)), and 
(iii) complete clinical remission due to differentiation of the leukemic cells to 
mature granulocytes upon treatment with aW-trans retinoic acid (ATRA ) is tightly 
linked to PML-RARa expression (Warrell. R.P., et aL. N Engl. J. Med 
52*1385-1393 (1991); Lo Coco, R . et aL. Blood 77.1657-1659 (1991), 
Chomierme, C, et aL, FASEBJ 70:1025-1030 (1996)). Multiple studies have 
addressed the possible impact of PML-RARa fusion protein formation on ceil 
proliferation (Mu. X.M., et al . Mo! Cell. Biol 7*6858-6867 (1994)) and 
apoptosis (Grignani. F., el aL Cell 7 *423-431 (1993)), API transrepression 
(Doucas, V., et al.. Proc Nad. Acad Sci I'SA 00:9345-9349 (1993)), and 
vitamin D3 signaling (Perez, A., et al .EMBOJ 12 3 171-3182 (1993)), but the 
mechanism(s) by which PML-RARa blocks myeloid cell maturation has 
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remained elusive. Consistent with the aberrant nuclear comparlmemulization of 
PML-RARa, which adopts the TML-type" location upon RA treatment (Dyck, 
J.A.. el al.. Cell 76:333-343 (1994): Weis. K . « „/., O// 76:345-358 (1994); 
Koken, M.H., « a/., J /i:l073-1083 (1994)), the currently prevailing 

hypothesis is that PML-RARa possesses altered transcriptional properties 
compared to PML or RARot and/or may act in a dominant-negative manner 
(Perez, A.,etal., EMBO J. 12:3 1 7 1 -3 1 82 ( 1 993), de The, H., el al , Cell 66:675- 
684 ( 1 99 1 ): Kastner, P., el al. , EMBO J. J 1 :629-642 ( 1 992)). 

Acute promyelocyte leukemia (APL) is the prototype of a cancer treated 
by differentiation therapy using ATRA (Fenaux. P. el at., Semin Oncol. 2V:92-102 
(1997)). However, adjuvant chemotherapy which is required to improve tumor 
cell remission bears the inherent risk of therapy-induced ATRA resistance due to, 
for example, mutation of the PML-RARa ligand binding domain. Such mutations 
are indeed frequently observed in relapsed patients (Imaizumi, M. a al.. Blood 
92:374-382 ( 1 998)) and ATRA-rcsisiam cell lines (Ruchaud, S. el al.. froc Natl. 
Acad. Sci. U.S.A. W:8428-8432 (1994); Shao. W. el al.. Blood W:4282-4289 
(1997); Kizaki, M. el al. Blood 88: 1824-1 833 (1996); Robertson, K. A. et al . 
Blood 50:1885-1889 (1992): Kitamura, K el al . Leukerrua //:1950-1956 
(1997)). 



Breast Cancer 



Despite earlier detection and a lower size of the primary tumors at the 
time of diagnosis (NystrSm, \..eial. Lancet iJ7:973-978 (1 993); Fletcher. S.W. 
et al. , ./. Natl. Cancer Inst. 85: 1 644- 1 656 ( 1 993)). associated metastases remain 
the major cause of breast cancer mortality (Frost. P. & Levin, R.. Lancet 
339: 1 458- 1 46 1 ( 1 992)) The initial steps of transformation characterized by the 
malignant cell escape from normal cell cycle controls are driven by the expression 
of dominant oncogenes and/or the loss of tumor suppressor genes (Hunter. T. & 
Pines. J., Cell 7 9:573-582 (1994)). 
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I umor progression can be considered as the ability of the malignant cells 
to leave the primary tumoral site and, after migration through lymphatic or blood 
vessels, to grow at a distance in host tissue and form a secondary tumor (fidler, 
{.}., Cancer Res 50:6130-6138 (1990), Liotta. I., etal. Cell 64:327-336 (1991 )). 
Progression to metastasis is dependent not only upon transformation but also 
upon the outcome of a cascade of interactions between the malignant cells and the 
host cells/tissues. These interactions may reilect molecular modification of 
synthesis and/or of activity of different gene products both in malignant and host 
cells. Several genes involved in the control of tumoral progression have been 
identified and shown to be implicated in cell adhesion, extracellular matrix 
degradation, immune surveillance, growth factor synthesis and/or angiogenesis 
(reviewed in. Hart, I.R. & Saini. A., Lancet 339: 1453- 1461 (1992): Ponta, H. 
el aU BBA 1198A-U) (1994); Bernstein, L.R. & Liotta, L.A., Curr Opin 
Oncol 6:106-113 (1994); Brartain, M.G. et al., Curr Opin Oncol. (5:77-81 
(1994); and Fidler, I.J. & Ellis, L.M., Cell 79: 185-1 88 (1994)). 

However, defining the mechanisms involved in the formation and growth 
of metastases is still a major challenge in breast cancer research (Rusciano, D. & 
Burger. M.M.. BioEssays 7^:185-194 (1992). Hoskins. K. & Weber, B.L., 
Current Opinion in Oncology 6:554-559 (1994)). The processes leading to the 
formation of metastases are complex (Fidlcr, [J.. Cancer Res 50:6130-6138 
(1990); Liotta, L. et al.. Cell 64:327-336 (1991)). and identifying the related 
molecular events is thus critical for the selection of optimal treatments. 



Summary of the Invention 



In one aspect, the invention is directed to a method of treating a 
hvperproliferative disease in a subject, the method comprising: (a) administering 
to the subject a pharmaceutical ly effective amount of a retinoid X receptor (RXR) 
agonist; and (b) administering to the subject a pharmaceutical^ effective amount 
of an agent which is capable of activating protein kinase A (PKA). The method 
can further comprise (c) administering to the subject a pharmaceutical! y effective 
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amount of a retinoic acid receptor (RAR) agonist The method can further 
comprise (d) administering to the subject a pharmaceutical ly effective amount of 
a cytokine, with or without a pharmaceutical!) effective amount of an RAR 
agonist. 

Also provided is a kit useful for carry ing out the method of treating a 
hyperproliferative disease. 

In another aspect, the invention is directed to a method of inhibiting 
proliferation of breast cancer cells by administering an RXR agonist and an agent 
capable of activating protein kinase A. Breast cancer cell lines include, but are 
not limited to, T47D. 

In another aspect, the invention is directed to a pharmaceutical 
composition comprising (a') a retinoid X receptor ( RXR) agonist and (b r ) an agent 
capable of activating protein kinase A (PKA). The composition can further 
comprise (C 1 ) a retinoic acid receptor (RAR) agonist. The composition can further 
comprise (d') a cytokine, with or without an RAR agonist (c 1 ). 

RXR agonists include, but are not limited to, the group consisting of 9-cis 
retinoic acid, bexarotene, 4-[l-[5,6-Dihydro-3.5.5-trmiethyl-8-(l-methylethyl)-2- 
naphthalenyl]ethenyl]bcnzoic acid, and SRI 1237. 

The agent capable of activating PKA can be a PfCA agonist. PICA 
agonists include, but are not limited to, 8-bromo-cAMP, Sp-cAMPS, 
8CPT-cAMP, dibutyryl-cAMP, Sp-5.6-DCl-cBiMPS. adenylate cyclase toxin, 
forskolin, L-858051. and Sp-8-pCPT-cGMPS. Alternatively, the agent can be a 
compound that increases cAMP level, either by stimulating cAMP synthesis or 
by inhibiting a phosphodiesterase. Compounds which increase cAMP synthesis 
include, but are not limited to. adenylate cyclase toxin, forskolin. and L-85805 1 . 
Compounds that act as inhibitors of phosphodiesterases include, but are not 
limited to, RO 20-1724. Rolipram, Rtazolate. and 3-isobutyl-l -mcthylxanthinc 
(1BMX). 

RAR agonists include RARcx. RARp and RARy agonists. Of course, an 
RAR agonist can be selective or specific tor one or more of the RAR subtypes. 
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«ARa ag on lsts include. bu t are „o, , imited kl . . 

rC,m0,CaC ' d - 4 - ,,(2 - 3 - Dih ^"'^'^^^^ 
c^n, )aminolbenzoic ac „ AM , M _ AM sM - »^-y.) 

,ntheme,hod - sl ^^)canbedoneconcurren.]v „ 
Hypcrproliferatived.easescanhc h m 

canC e rsincJude , - — <° ~ Md 

and breast cancer 7^ « v "^myelocytic leukemia 

ag on istalon , 7 ' eSUbjeCtCanbe ^- lreatoemwithanRAR££ 



Brief Description of the Figures 

FIG. l. Differential effects on NB4 cells of rap , n 
agonist,: evidence for positive cn XR 

^,^3 ofNB4 cells in fesponse to ireatmems j 7 ; - ---o. caJ 

expres S1 onf 0 „ owingtreatmentof " IS ™,c , n ,e gr ,n 

.e.ra m c,hv,-2-oxo.,Hind^ ^ ^omsts (^.S-Dihydro-, . ,, 3 . 3 . 

^ no, RARp ((E)-3-Chloro-4.f2- ( 5 6dihv < 7 " ' M 

^aienyliethenvl^oic acjJ '* (5 -^ 5 ^y«+ph«-yl-2- 

-rat.o, Howwr . cons , slcm ^ " " d .o^erNB4ce„ 

RAR-l, gand dependen| sjgna|jng _ 
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co-treatment with SRI 1237 and cAMP induces maturation of NB4 cells through 
a pathway that is not inhibited by the RAR antagonists 4-[[|5,6-Dihydro-5.5- 
dimethy]-8-(3-quinolinyl)-2-naphthalcnvl]carbon y ]]amino]benzoic acid 
(Compound II) or(EH-[248-(l J ^BiphenyIj-4-yl)-5,6-dihydro0.5-dimethyl-2- 
naphthalenyl]ethenyl]ben70ic acid (Compound VI). 

FIG.2. reatiu:esof4-[l-[5.6-Dihydro-3,5,5-trimethyl-8-(l-methyJethy])- 
2-naphthaIcnyl]cUienyl]benzoic acid (Compound V) as a bi-functional rexinoid. 
FIG. 2a. Reporter cell assays; the RAR and RXR AF-2 agonistic and antagonistic 
activities of 4-[ 1 - [5,6-Dihydro-3,5,5-trimcthyl-8-( J - me thylethyI)-2- 
naphthalenyl)ethenyl]benzoic acid (Compound V) are displayed as false color 
illustration of the luciferase activity emanating after retinoid induction (from 
InM, "-9" to l^M, "-6") from 96 well plates containing equal amounts of cells 
(Chen, J. Y. et al f EMBOJ. 14:\ 1 87-1 1 97 (1 995)). Monitoring and quantitation 
was done by using a photon-counting camera. The open triangle points to signals 
in the presence of the retinoid (agonist activity; "-" indicates the signal for vehicle 
alone), the black triangle points to signals in the presence of both lOnM ATRA 
f-", only ATRA) and increasing amounts of the retinoid (antagonistic activity, 
if the ATRA-induced signal decreases). Note that the RXRcc reporter cell line 
contains also the inactive dnRXRocAAB, which lacks both AF-1 and AF-2, to 
sequester endogenous RARs that silence RXR in the absence of RAR agonists 
(Vivat V. el al, EMBO J 1 (5:5697-5709 (1997)). FIG. 2b. Transient 
transactivation of RXRa homodimers onaDRl reporter in presence of 4-[ 1 -[5,6- 

Dihydro-3,5,5-trimcthyl-8Hl-methylethyI)-2-na P hthalcnvl]cthcnvI]bcnzoicacid 
(Compound V) (relative to 0.1 uM 9-cis RA. standardized to 100) and of 
RARcc-RXRa heterodtniers (relative to 1 0 nM ATRA, standardized to 1 00). The 
small DR5 activation in Fig. 2b, lane 7. may originate from weak interaction of 
RXR homodimers with DR5 elements (Madcr, S. et al.. J Biol. Chem. 
268:59Um (1993)). FIG. 2c. 4-[l-[5,6-Dihydro-3.5.5-trimethy]-8-(l- 
methylethyl)-2-naphthalenyl]ethenyl]ben/oic acid (Compound V) is a highly 
potent partner of PKA signaling to trigger NB4 cell maturation. Morphological 
and histochemica] features of NB4 cells treated with 4-[l-[5.6-Dihydro-3,5.5- 
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trimethv 1-8-f 1 -methyleth} I )-2-naphthalenyl]ethenyljbenzoic acid (Compound V), 
with or without 8-CPT-cAMP as indicated. A comparative analysis of the 
synergistic action of c A MP and9-cis RAor4-[l-[5,6-Dihydro-3,5.5-trimetny 1-8- 
(l-methylcthyl)-2-naphthalenyl]ethenyl]benzoic acid (Compound V) to elicit 
NB I response and CD1 lc expression in NB4 cells is shown in the right panels. 

FIG. 3. Rexinoid-PKA crosstalk induces a cytokine expression program 
that differs from that induced by ATRA. Modulation of cytokine expression in 
NB4 cells was assessed by RNAse protection assays. Cells were exposed to the 
agents displayed at the top for 0, 24 and 48 h (subsequent lanes for each 
treatment). Kor comparison the effect of vitamin D3 C'DV*) was studied also. 
FIG. 3a. The intact probes run on the same gel are shown on the left (L32 and 
GAPDH are the invariant internal controls used for calibration) and the positions 
of the protected fragments are indicated. FIG. 3b. Only the positions of the 
protected fragments are shown. 

FIG. 4. A distinct RAR-ligand-independent signaling pathway triggers 
maturation of NB4-R2 cells resistant to RAR agonists. FIG. 4a. Molecular 
definition of the mutated PML-RARoc in NB4-R2 cells. NB4-R2 is an 
ATRA -re si slant subclone isolated from bone marrow leukemic cells of a 
ATRA-resistant patient by a selection with both cAMP and ATRA (Ruchaud. S. 
ei at.. Proc. Natl Acad. Sci. U.S.A. 97:8428-8432 (1994); Duprc/. F. et ai, 
Leukemia 6:1281-1287 (1992)). The NB4-R2 cells carry the typical t(15;17) 
translocation and expressed PML-RARa mRNA, but not the 120 KD 
PML-RARa chimeric protein (Duprc7, F. etal Oncogene 12:245 1-2459 (1996)) 
Sequencing of the PML-RARa cDN A reveals a point mutation generating a stop 
codon at the position 411 in the retinoid-binding domain of PML-RARa(L) 
(Kastncr. P. etal.. EMBOJ. 77:629-642 ( 1 992)) of NB4 cells, thus generating a 
truncated chimeric protein. FIG. 4b. Morphological and functional maturation 
of NB4-R2 cells in response to synergistic treatment by retinoids and cAMP. 
NB4-R2 cells were treated with protocols similar to those used for NB4 cells (see 
description of Fig. 1 ). Note that cooperation between cAMP and rexinoid 
signaling allows maturation of the ATRA-resistant cells. 
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characteristics (RAR retinoids bind to one or more RARs; RXR retinoids bind to 
one or more RXRs (also referred to ai "rexinoids")). Retinoids which cause 
transact] vat ion via their receptors are examples of "agonists," while retinoids 
which do not cause transactivation, but instead block the transactivation caused 
b> other agonists, are examples of "antagonists." RXR and RAR agonists to be 
used in the methods of the present invention can be, but are not limited to, 
peptides, carbohydrates, steroids and vitamin derivatives, which may each be 
natural or synthetic (prepared, for example, using methods of synthetic organic 
and inorganic chemistry that are well -known in the an). 

By retinoids that are "specific" for a retinoid receptor are intended 
compounds that only bind to a particular retinoid receptor. By retinoids that are 
"selective" for a retinoid receptor arc intended compounds thai preferably bind to 
a particular retinoid receptor over others by a magnitude of approximately five- 
fold or greater than to other retinoid receptors, preferably eight-fold or greater, 
more preferably, ten-fold or greater. 

Standard retinoids known in the art as RAR agonists include the 
following: 




CCMDH 



All-trans-retinoic acid 




COOH 



13-cis-fetinoic acid 



5 
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10 



15 



20 




COOH 



"Arotinoid" 



H 3 CO 




COOH 



25 



30 



35 



40 



Acetretin 

RARa,p-selective agonists include, but arc not limited to. 

,COOH 




AM -80 

(see. Takeuchi, M.. el al , Brit J Haematol. ST: l 37- 1 40 (1997)). 
RARp,y -selective agonists include, but are not limited to. 

r-. COOH 



45 



H 3 CO 



Adapalene 



50 



{see. Shroot, R. and Michel. S..J Amer Acad Dermatol 3tf:S96-S 103 (1997)). 



55 
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RARy agonists include, but are not limited to. 



.COOH 



HO' 



CD-437 



(see, Schadendorf, D., et aL Intl. J Oncol 5:1325-1331 (1994)); and 

OH y 



i R 2 X COOH 



General structure 




Specific example 

{see. Swann, R.T., et aL. EP 747,347). 

RAR agonists include, hut are not limited to. 



COOH 



r 

L X 

0' 



.-^.>. COOH 



(see. Benbrook, DM., era!, J Med Chem *>:J567-3583 (1997)); 
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COOH 



i 



J 



(see. Beard, R.L.. eial. Binor% Med Chem. U-u. 7:2372-2378 (I997»; and 




COOH 



(see, Diaz. P., eial.. Bioor S Med. Chem. Lea. -.22S9-2294 (1997)) 

RARy specie or se.ecn, a g o„ lsts can contan . ^ ^ ^ 

g oup such as a flavone ^ specific or ^ > 

been d etenilined tha, RA R 0 speci(lc asonisls ^ ^ 

" 9 - 48: JOhnSOn ' A T - « • ^ iP:5029-5O 3 0 ( 199 6)). 
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(icncml RXR agonists include, hut are not limited to, 



15 



C H 3 COOH 



COOH 



9-cis-Retinoic acid 



bexarotene 



20 



o o 



25 



1' ^ 



COOH 



SRM1237 



30 



35 



CH 3 COOH 



40 



45 



50 



55 
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Additional RXR agonists include, but arc not !i 



mitcd to, 




COOH 
Specific example 

(^.Vultgonda, V. And R.A. Chandraratna, U.S. Patent No. 



5,675,033); 




-S(0)p— ViRz) — A— B 
General structure 



COOH 




Specific example 

(see. Beard, R.L., et at , WO 97/ 16.422); 
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COOH 



COOH 



Specific example 

{see. Klaus, M., et aL, EP 728,742); 




J L 



\ 

COOH 



(see. Farmer. LJ., et aL Bioor^. Med. Chem. Lett. ^2393-2398 (1997)); a 



)); and 



.X 



COOH 



(see, Farmer. L J.. et aL Bioorg. Med Chem. Lett 7:2747-2752 



(1997)). 
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RAR or RXR agonists include, but are not limited to, 




CH 3 



15 
20 

5 

25 

10 

30 
35 

15 



(LcblondB., WO 97/26,237). 

Other RXR agonists, with a variety of structures, are disclosed in Boehm, 
M.F.. el ai. J. Med. Chem. Jtf:3 146-31 55 (1995). Further, a number of retinoids 
of diverse structure types which are triple RAR agonists, selective RARa 
agonists, selective RARp agonists, selective RARy agonists, selective RARp,y 
agonists, selective RXR agonists and RXR/RAR pan-agonists are described in 
Sun, S.Y., et al., Cancer Res. 5 7 :493I-4939 (1997). The invention can also be 
carried out with the RXR agonist bexarotcne, the structure and preparation of 
which are described in Boehm et al. , J Med. Chem. 3 7 :2930-294 1 ( 1 994). Other 
RXR agonists are also described in. for example. Lchmann et ai, Science 
255:1944-1946(1992) 

Other candidate RAR and/or RXR agonists include, but are not limited to. 



40 




COOH 



45 



9-cis-Retlnoic acid 



50 



55 
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I R 2 



V ' ^ COOH 



R 3 

General structure 



0 



U..1 



COOH 
Specific example 

(see. Bernardon, J.M , i:P 722.928)' 

A (Ch2) n-B 

> .... ^ 

( i 

X ^ R 

General structure 

r v .COOEt 

.;; ( 
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CH 3 

Specific example 



(see, Chandraratna. R W'O Qrt/i i ac^. j ^ 

> ■ v\U ] 1.686. and Drugs of the Future 2^49-^5 
(1997)); — 
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5 _ 2 

R 1 Ri 

10 R 3 — 

/''' 

\ i — A'B 
R 2 

General structure 



x 

20 



PCT/US99/08908 



R 3 ! ! I 

« i ^ 

CH 2 H 5 ' COOH 

Specific example 



30 



{see, Vulignnda, S„ et al. U.S. Patent No. 5.599.967); 

35 



40 




COOH 



<?, Chandraratna. R.A. and M Tcng. Wo 96/06.070); 



50 



55 
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A 



General structure 




Specific example 



(see, Klaus, M and F. Weis, FP 253,302 



«2 



x 



R3 



General structure 



Specific exampJe 



COOH 



{see, Shroot. B.V., ei ai., hP 2 1 0.129); and 
Ri 



(R2)m 



o(R 3 >" 



T 

R 22 

General structure 
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COOH 



Specific example 

(see. Johnson. A.T., et al, U.S. Patent No. 5.648,514). 

Thus, preferred RXR agon.sts that can be used in the invention include, 
but are not limited to, 9-cis retinoic acid, 4-| 1 -l5.6-Dihydro-3.5,5-trimethyl-8-( 1 - 
methylethyD-2-naphthalenylJethcnylJbenzoic acid (Compound V; structure and 
synthesis provided in U.S. Appl. No. 60/127.976, filed Apnl 6. 1999, titled 
"Selective Retinoic Acid Analogs" (Atty. Docket: SOI 28*); and U.S. Appl. 
No. _. filed April 22. 1999, titled "Selective Retinoic Acid Analogs" (Atty. 
Docket: SD128a'», SRI 1237 (structure and synthesis provided in U.S. Paten, 
No. 5.552.271). and bexarotene. RARa agonists that can be used in the invention 
include, bu, are not limited to. M-trans retinoic acid, 4-[[(2,3-Dihydro-l , 1,3,3- 
tetramethy|.2-oxo-lH-inden-5-yl)carbonyl]ami n o]ben 2 oic acid (Compound I; 
structure and synthesis provided in WO 98/47861 ), AM-80 and AM-580. 

For sake of brevity, the following designations will be used throughout 
this disclosure. 



Compound 


Structure 


CAS Name 




0 

HjC CH 3 


-H[(2,3-Dihydro-1, 1. 1. V 
tctramethv l-2-oxo- 1 H-inden- 
5-yi)carbonyl]amino] 
benzoic acid 
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10 



15 



20 



30 



35 



40 



Compoum 


1 Structure 


CAS Name 


II 




4-[[[5.6-Dihydro-5,5- 
dimethy]-8-(3-quinolinyl)-2- 
naphthalenyljcarbonyll 
aminojben/uic acid 


III 


^ c CHj 


(H)-3-Chloro-4-[2-(5.6- 
dihydro-5.5-dimethy]-8- 
phenyl-2- 

naphthalenyl)ethenyl] 
benzoic acid 


IV 


OH F 

H 3 C CH 3 ll 

0 


3-Kluoro-4l[(5,6,7.8- 
tetrahydro-5. 5.8,8- 
tetramethyl-2- 

naphthaIenyl)hydroxyacetyl] 
iminojbenzoic acid 


V 


H3C CH$ l 

I 1 I P J 
/\ ch 3 

H 3 C CH 3 3 1 

OH 


Hl-[5,6-Dihydro-3,5,5- 
rimethyl-8-(l-methylethylV 
-naphthalcn>l]ethenylj 
xmzoic acid 



45 



55 
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Compound 


Structure 


CAS Name 


VI 




(EH-[2-[8-<U'-BiphenylJ- 

4-vl)-5.6-dihydro-5,5- 

dimeLhy|-2- 






naphthalenyljcthenyl] 






benzoic acid 




















1 


CH3 






Other RAK and RXR agonists suitable for use in t he present invention 
may be prepared by the below-cited methods and others routme ,o those of 
ordinary skill in the art. 



Screening Methods 



Anumberofmcthodsforscreemngcand.da.eRXRand^Ragonistsarc 
uen-icown in the art and *,fl, allo w one of ordtnary sktll ,„ the art to determine 
if a compound is useful in the present invention. 

Suchagonists can be selected and screened a, random, or can be rationally 
selected or rationally designed using protein modeling techniques. 

For random screening, agents such as, bu, not limited to. peptides 
carbohydrates, « and vi^min derivatives (e.g.. derivatives of retinoic acid)' 
are selected at random and assayed, using direct and indirect methods that are 
routine in the an. for their ability , 0 btnd to a ret.noid receptor or a functtonal 
rct,no,d receptor heterodimer Ahemativeiy. agents can be assayed for RXR or 
RAR agonist activity. 

Agents can be rationaNy selected. As used here.n. an agent is said to be 
Vat,ona., y selected" when the agent ,s chosen based on the phvs.cal structure of 
• known , lgand of a mino , d reC£plor ^ a . nniona| homodmcric ^ 

Lcerodtmertc ret.no.d receptor. Kor example, assaying compound, possess.ng 
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aretinol-like structure would be considered a rational selection since rctinol-like 
compounds are known to bind to a variety of retinoid receptor hcterodimers. 

Since highly purified RXR and RAR proteins are now available, X-ray 
crystallography and NMR-imaging techniques can be used to identify the 
structure of the ligand binding site present on these proteins and, by extension, 
that which is specifically present on the retinoid receptors. Utilizing such 
information, computer modeling systems are now available that allows one to 
"rationally design" an RXR or RAR agonist capable of binding to such a defined 
structure (Hodgson, Biotechnology H:) 245-1 247 ( 1 990); Hodgson, Biotechnology 
9:609-613 (1991)). 

As used herein, an agent is said to be "rationally designed" if it is selected 
based on a computer model of the ligand binding site of one or more retinoid 
receptor(s). 

For example, in Chen, J - Y. etal.. FMBOJ. 14\\ 187-1197 (1995), three 
"reporter" cell lines have been used to characterize a number of RARa-, RARp-, 
orRARy-specific dissociating synthetic retinoids that selectively induce the AF-2 
activation function present in the LBD of RARp (0AF-2). These cell tines stably 
express chimeric proteins containing the DNA binding domain of the yeast 
transactivator GAL4 fused to the EF regions (which contain the LBD and AF-2 
activation function) of RARa (GAL-RARa). RARP (GAL-RARp) or RARy 
(GAL-RARy), and a lucifcrase reporter gene driven by a pentamer of the GAL4 
recognition sequence ( M l7m") in front of the p-globin promoter ((1 7m)5-GAL- 
Luc). In these cell lines, the RAR Iigands thus induce luciferase activity that can 
be measured in the intact cells using a single-photon-counting camera. This 
reporter system is insensitive to endogenous receptors which cannot recognize the 
GAL4 binding site. Using analogous screening assays, these synthetic retinoids, 
like RA. have been reported to inhibit the anchorage-independent growih of 
oncogene-transformed 3T3 cells, while the promoter of the human interleukin-6 
(IL-6) gene, whose product is involved in the regulation of hematopoiesis, 
immune responses and inflammation (Kishimoto. T., el ai. Science 25tf:593-:>97 
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( ] 992) J has been shown to be induced by RA but not by the synthetic dissociating 
retinoids which repressed its activity. 

In a similar manner, RXR agonists have been identified using cell lines 
that express a RXR receptor linked to a TREpal-tk reporter gene which is 
activated by both RAR/RXR heterodimers and RXR homodimers (Lehmann, 
}M..etal., Science 25#; 1 944- 1946 (1992)). Thus, reporter cell lines that are 
easily constructed, by methods routine to one of ordinary skill, can be used to 
distinguish not only the specific RXR or RAR types to which a candidate ligand 
will bind, but also whether that binding induces an activating (i.e.. agonistic) or 
repressive (i.e., antagonistic) effect. Although the above-referenced reporter cell 
lines comprised the luciferase or thymidine kinase genes as reporters, other 
reporters such as Am CAT, p-galactosidase or Green Fluorescent Protein are 
well known in the art and can be used in a similar fashion to cany out the present 
invention. For example, references disclosing reporter plasmids containing a 
reporter gene and expression vectors encoding a LBD of a nuclear receptor 
include Meyer et al , Q>// 5 7:43 3 -442 (1989); Meyer e/ a/.. EM HO J 9(I2):3923- 
3932 (1990); Tassct et al. Cell 52:1177-1187 (1990); Gronemeyer, H., and 
Laudet, V., Protein Profile 2:1 1 73-1308 (1995); Webster et al., Cell 5*199-207 
(1988); Strahle et al., EMBO J. 7:3389-3395 (1988); Seipel et al, EMBO J 
11. 496 1-4968 (1992); and Nagpal. S., et al., EMBO J. 72:2349-2360 (1993). 

Other routine assays have been used to screen compounds for their 
agonistic properties on functions of other nuclear receptors, such as steroid 
receptors. For example, a transient cxpression'gel retardation system has been 
used to study the effects of the synthetic steroids RU486 and R5020 on 
progesterone and glucocorticoid receptor functions, respectively (Meyer. M.-E . 
etai, EMBO J 9:3923-3932(1990)). Similar assays have been used to show that 
tamoxifen competitively inhibits estradiol-induced ERAP160 binding to the 
estrogen receptor, suggesting a mechanism for its growth-inhibitory effects in 
breast cancer (Halachimi, S.. et al. Science 264. 1455-1458 (1994)). Since the 
RXR and RAR receptors arc apparently structurally similar to other nuclear 
receptors such as the steroid receptors (as reviewed in Chambon, P.. FASEB J 
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70:940-954 (1996)), routine assays of this type can be useful in assessing 
compounds for their agonistic activities on RAR and or RXR receptors. 

As an alternative routine method, the effect of a candidate agonist on the 
binding of the ligand-dependent AF-2 modulator TIF1 to a RXR or RAR LBD 
can be studied using glutathione-S -transferase (GST) interaction assays by 
tagging the LBDs with GST as described in detail in Lc Douarin et ai. EMBOJ. 
7^:2020-2033 (1995). 

In another screening assay, transgenic animals, e.g.. mice, and cell lines, 
that are altered in their expression of one or more of RAR and RXR receptors can 
be made as described previously (Krezel, W., et al„ Proc. Natl. Acad. Sci. USA 
Pi: 90 10-90 1 4 (1996)) and can be used to identify agonists of specific members 
of the RAR/RXR class of receptors using methods described previously 
(WO 94/26100). In such an assay, the agent which is to be tested will be 
incubated with one or more of the transgenic cell lines or mice or tissues derived 
therefrom. The level of binding of the agent is then determined, or the effect the 
agent has on biological effect or gene expression is monitored, by techniques that 
are routine to those of ordinary skill. As used herein, the term "incubate" is 
defined as contacting the compound or agent under investigation with the 
appropriate cell or tissue, or administering the agent or compound to the 
appropriate animal, e.g., transgenic mouse, via any one of the well-known routes 
of administration including enteral, intravenous, subcutaneous, and intramuscular. 

Other assays can also be used to determine the agonistic effects of RXR 
and RAR ligands. For example, certain agonistic retinoids will induce the 
association of endogenous PML/PML-RARcc fusion protein with nuclear bodies 
in cells from A PL patients (Dyck. J A., et ai. Cell 76:333-343 (1994); Weis. K., 
et al,Cell 7(5:345-356 (1994); Kokcn. M.H.M., eta!.. EMBOJ. 13- 1073- 1083 
( 1 994)) or in related established cell lines such as NB4 (Lanotte, M.. et ai. . Blood 
77: 1080- 1086 (1991)). These effects of RXR or RAR agonists can be 
determined, for example, by various immunological techniques such as 
immunofluorcscent or immunoclectron microscopy, using antibodies specific for 
PML. RAR and/or PMI.-RARa fusion proteins. RXR or RAR agonists can also 
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* identified ,v , he , r ab , tlcs t0 , nduc£ ^ ^ 

orcena,nes:a blish e d ce 1 n 1 nes SU cha s „L-,0 my e i oHa Stl c I c Uk e„ lla c e ,,s ( N- a8y 

" fl/ - Ce//. Biol. /5:3540-3551 (1995)) MR4 n , ■ 

U"->)j, NB4 promyelocytic cells 

c ., , Rm _ , U w 9 orF9 embryonic carcinoma 

"Us (Roy, B.. „ Mol CM BM 

FASEBJ JO- 1071 -1077 ,199^ ' 

° r mMransf0 ™ ccl 3T3 cells (Chen « a/ 
. , ]18 ,n97 (1 99 5) , Ligand-induced differentiation in these and 
-ft* «U lines can Be defined by assaymg „ 

for the expression of a variety of wrll i-„ 

anetv of well-known markers of differentiation as 
generally described in the above references. 

Si-tita*. the candle antagon.sts or a g o„, sls can be screened by 
-sunn, the, abi.ities to lnduce apoptosjs ^ 

I. and-^ced DNA fr a gm e n , aIJ o„. which is accomplished fay ^ 

(changes ,n plasma membrane ^ ^ ^ 

7 ( " b,ebbln8 " ) « " — ™-ho, og y such as pvenosis or 

- • ^'Pcnain to RXR and RAR biology . wNagy . t ^ ^ 

n>e*ods for assaying „ eand . lnduced apoptosis in primary cells and estabhshed 

2 Th ; cytomet,y or partic,e * 

^^.w.o..^.,^^ /7 ,, 16((W); » 

D.. car Cy lomelo , 1SM . 74 ( , 994); ^ R ^ ^ Q ^ ■ 
Immunol. 103:327-332 (1994) P ra knr Pi,, 

U99». Sherwood. S- W.. and Sch lmk , R.T.. ^ ,W/ , rt:77 . 97 ( , Qg5); 
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Carbonari. M.. « at. Cytometry 22:161-167 (1995): Mastrangelo. A J. and 
Betenbaugh, M.J., Curr. Opin Biorechnol. (5:198-202 (1995)). 

Screening of agonists can be accomplished by an assay known as "in vivo 
footprinting" (Mueller, P R., and Wold, B.. Science 2^.780-786 ( 1 989); (iarrity, 
P A., and Wold, B.J., Proc. Natl Acad. Sci USA 59:1021-1025 (1992)), which 
has proven usefiil for analysis of RA-induced transcription of RAR02 (Dey. A., 
etal,Mol Cell Biol 7^:8191-8201 (1994)). 

Other methods for determining the agonistic activities of a candidate 
ligand which are routine in the art can also be used in carrying out the present 
invention. In performing such assays, one skilled in the an will be able to 
determine which RXR. or RAR receptor subtype(s). an agent binds to. what 
specific receptors) are utilized by a given compound, and whether the agent is 
an agonist of the given receptors). 



Agents that Activate Protein Kinase A 



Cyclic adenosine monophosphate (cAMP) is an intracellular mediator of 
hormone action in prokaryotic and animal cells. Such hormone-induced cellular 
re.spon.scs include thyroid hormone secretion, Cortisol secretion, progesterone 
secretion, glycogen breakdown, bone resorption, and regulation of heart rate and 
force of hear, muscle contraction. Cyclic AMP-dependent protein kinase A 
(PKA) is found in all animal cells and is thought to account for all the effects of 
cAMP in most of these cells. In its mactive state. PKA consists of a complex of 
two cataly tic subunits and two regulatory submits. When each regulatory subuni. 
ofPKA has bound two molecules of cAMP. the catalytic subunit is activated and 
can transfer a high energy phosphate from ATP to the serine or threonine of a 
substrate protein. Altered PKA expression is implicated in a variety of disorders 
and diseases including thyroid disorders, diabetes, atherosclerosis, and 
cardiovascular disease. 

It has been determined that administration of a PKA agon.st in 
conjunction with an RXR agonist causes differentiation of NB4 cells (APL cell 
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linc) and breast cancer cells. PKA agonists known in the art include, but are no, 
limited to. 8-bromo-cAMP (8-Bromoadenostne-3',5'.cyclic monophosphate 
sodium sal,,. Sp-c AMPS (Sp-Adenosme-3'V-cyclic monophosphoroth.oate, 
SCPT-cAMP (8-(4-Ch.orophenyl,hio>-adeno S ,ne-3'V-cyclic monophosphate, 
sodium salt), d.butyryl-cAMP (N«,2'-()-nibutyr > -ladeno S in C -3'..V-cyclic 
monophosphate, sodium salt monohydrate), Sp-5,6-DCl-cBiMPS (Sp-5,6- 

d.chloro-.-p.D-nbofuranosylbenzimtdazoIe-S'.S'-monophosphorothioate), 
adenylate cyclase toxtn (AC toxin), forskolm. L-858051 (7-Deacetyl-7P-( Y -N- 
methylpiperazinO-buryrylforskolin^HC]), and Sp-8-pCPT-cGMPs' Such PKA 
agonists are available, for example, from BIOMOL, PA, USA. 

Thus, in another embodiment of the invention, the agent which activates 
PKA can be a compound that increases cAMP level. Cyclic AMP level can be 
incused by cAMH synthesis. Compounds that increase cAMP synthesis include, 
but are not limited to, adenylate cyclase toxin, forskolin. and 1,858051. 
Phosphodiesterases (PDEs) degrade intracellular cAMP. Thus, an agent which 
activates PKA can be a compound which blocks degradation and thus inhibits 
cyclic nucleotide PDE activity. Compounds that inhibit PDE include, but are not 
limited to, RO 20-1724 (4-(3-Butoxy-4-methyoxybenzyI)-2-imidazolidinone), 
Rolipram, Etiolate, and IBMX (3-isobutyl-l-methylxanth,ne). Such PDE 
inhibitors are available, for example, from BIOMOL. PA. USA. 

Other agents capable of activating PKA that are suitable for use in the 
present invention can be prepared or known by those of ordinary skill in the art. 

In the invention, an agent capable of activating PKA ts administered in a 
pharmaceutical^ effective amount for treatment of hyperproliferative diseases. 

A biological assay for elevation of intracellular cAMP is the 
transcriptional activation of reporter genes containing a cAMP-rcspons.vc 
element (CRE). The sequence of events ,s: (,) increased cAMP .eve.. 

(2) activation of PKA and nuclear translocation of its catalytic subunit. 

(3) phosphorylation by the catalytic subunit. and thereby activation, of nuclear 
CRE binding protein (CREB). (4) activate of transcription upon binding of 
CREB ,o the CRE element. Using engineered reporter cells anv agent that 
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; n r:; in : cd, t cAMP ,evei c<m,d hc ' deM * ^ «** ^ 

& Masson. N.. ^ Blophys ^ ^ 

Biological assays for identifying other PDF inhv, 
fnnti m . , ,- inhibitors can be found in 

Com,, M et al . Serine Keviews !&m _ m (]g95) 

Cytokines 



andl>mphokinesproducedbvactivimHTi. u 

D>aC,1VatedT1 >mphocytes and natural killercells and 

b „, „ m „ mjw ^ ■ 
— g „ uteyle . m «, oph „ c f aclor 

« « w, .r s „ cmn , lv „ s 

W K „c wtlB «. chemoli „ „ cteniokimijt " 
»m«.„,„ B „,«„„,, snJ ^ mo>mm 

7^" .ccsr, „, „,„ oph , t J" • 

stimulating factor CM-rSF^ ,„ k colony- 
g (M CSF) are hematopo.etic ^ 

Prol.ferat.on and differentiation of norm a, mve.cid and monoevte m 

by b.nd.ng to GM-CSF-spc-cific „ lcmbrane 

Administration of O-CSF which ^ 
APLc,lk H „u ' ChUJSihow ' nlocnll ^ed.nerent, a „onof 
APL celis mduccd by ATRA ,„ cmnhjned W[ . 

Ulin A J KA can improve the 
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hematology, state ln APL pall ent S not previously ^ ^ 
(Uu k , K. elaL ln!l . , lkmalol M:213 . 2 19 (,996». G-CSK w „ shoM1 10 be 
useful for augmenting susceptibtl.ty of API. cells to cell-cvcle specific agents 
(Katayama, N. „„/., y. Hemat0 , 5*3 1-35 (1998)). 

Jn the invention, cytokines including, but not limited .0, G-CSF GM-CSF 
and M-CSF can addttionally be adminislercd ,„ , pharmaccu(]Ca)1> . ^ 
amount for treatment of cancers and other hyperprol.ferative diseases. 

Hyperproliferative Diseases 



B >'" h >P^olife ra tivedise a se' 1 s 1 „ t ended,adiseasercsu,t I n gfr „rnrapid 
cel. d.v.ston. Hyperprol.ferative diseases include, but are no, .imited to, cancer 

P-asis.act.n.ckeratosisandlamellarichthvos.s. Cancer cells are invastve and 
move to adjacent tissues whereas psoriasis and lamellar ichthyosis are 

noninvasive. 



Cancercan be oral. skin, head and neck cancers. Thecancer can be breast 
cane,, The cancer can be squamous ce.l carc.noma of the cervix and the sktn 
and Kaposi's sarcoma. Skin cancers include, bu, are no, limited ,o. chronic' 
-hgh, damage, nevoid basa, ce!, carctnoma syndrome, xeroderma 
p.g m e„,osu^mu,t ipl eker« 

melanoma Preferably, the cancer is acute promyelocyte leukemia or breast 

cancer 



Psonasts include, but are no, llmi ,ed ,0. psoriasis vulgaris, pustular 
psonas.s. erythroderma psonasis and psoriatic arthritis. 

For other retmoid related d.scascs. generally, see Thf. ^ 0]as . 
B,o,oov. Chemistry, < w mekqne. Sporn. M B „ aL eds .. Raven Press 

Ltd., New York, New York (1 994). 

The term "subject" or "patient" as used herein ,s mtended an animal 
preferably a mammal, mcluding . human . ljy j$ ^ ^ ^ 

need ot treatment of a hypcrproliferative disease 
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Formulation and Methods of Administration 



PCTrtJS99/08908 



As used herem, "a pharmaceutical^ effective amount" ,s intended an 

— ffect.ve.oeHcnacelluWresponse^.sclinicaHy significant. vvlthout 

excessive levels of side effects. 

A pharmaceutical composition of the invention is thus provided 
comprising one or more RXK agonists and one or more agents capa ble of 
activating PKA rsuch as those described above), and a pharmaceutical, v 
acceptable carrier or excipient. The pharmaceutical composition can further 
compnse one or more R4R agonists (RARa. RARp and/or RARy), and can 
further compnse one or more cytokines. 

The pharmaceutical composition can be administered orally, rectallv 
parenteral, ,ntrasys t e m ic al , y , intravaginallv, intraperitoneal^, topically (as by 
powders, ointments, drops or transdermal patch), bucally, or as an oral or nasa. 
spray. By "pharmaceutical* acceptable carrier" is intended, but no, lim.ted to 
a non-toxic solid, semisolid or ] iq uid filler, diluent, encapsulating material or 
formulation auxiliary of any type. The term '■parenteral" as used herem refers to 
™dcs of administration which inc.ude intravenous, intramuscular 
mtraperitoneal, .ntrasternal, subcutaneous and intraarticu.ar injection and 
infusion. 

A pharmaceutical composition of the present invention for parenteral 
mjecon can comprise pharmaceutically acceptable sterile aqueous or 
nonaqueous solution dispersions, suspensions or emulsions as well as s.enle 

powdersforreconstitutionintosteri.einjecublesolurionsordisperstor.justprior 
to use. Examples of stumble aqueous and nonaqueous carrier, diluents, solvents 
or vehicles include water, ethanol. polvols (iuch as glvcerol . ^ 

po.yeuty.eneglycol.andmelikej.carbox.vmeth.vlcenuloscandsuitab.emix'tures 
.1-eof. ve,e,able oils (such as olive o,„ and injectable organic esters such as 
ethyl oleate. Proper fluidity cn be maint ai ncd , for e . xampk , by ^ ^ o 

materials such as lecithin, by the maintemnrp (1 r.k • ^ 

y uie maintenance of the required panicle size in the 

case of dispersions, and by the use of surfactants. 
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I he compositions of the present invention can also contain adjuvants such 
as, but not limited to. preservatives, wetting agents, emulsifying agents, and 
dispersing agents. Prevention of the action of microorganisms can be ensured by 
the inclusion of various antibacterial and antifungal agents, for example, paraben. 
chlorobutanol, phenol sorbic acid, and the like. It can also be desirable to include 
isotonic agents such as sugars, sodium chloride, and the like. Prolonged 
absorption of the injectable pharmaceutical form can be brought about by the 
inclusion of agents which delay absorption such as aluminum monostearale and 
gelatin. 

In some cases, in order to prolong the effect of the drugs, it is desirable to 
slow the absorption from subcutaneous or intramuscular injection. This can be 
accomplished by the use of a liquid suspension of crystalline or amorphous 
material with poor water solubility. The rate of absorption of the drug then 
depends upon its rate of dissolution which, in turn, can depend upon crystal size 
and crystalline form. Alternatively, delayed absorption of a parenterally 
administered drug form is accomplished by dissolving or suspending the drug in 
an oil vehicle. 

Injectable depot forms are made by forming microencapsule matrices of 
the drug in biodegradable polymers such as polylactide-polyglycolide. Depending 
upon the ratio of drug to polymer and the nature of the particular polymer 
employed, the rate of drug release can be controlled. Examples of other 
biodegradable polymers include poly(orthoesters) and poly(anhydrides). Depot 
injectable formulations are also prepared by entrapping the drug in liposomes or 
microemulsions which are compatible with body tissues. 

The injectable formulations can be sterilized, for example, by filtration 
through a bacterial-retaining filter, or by incorporating sterilizing agents in the 
form of sterile solid compositions which can be dissolved or dispersed in sterile 
water or other sterile injectable medium just prior to use. 

Solid dosage forms for oral administration include, but are not limited to. 
capsules, tablets, pills, powders, and granules. In such solid dosage forms, the 
active compounds arc mixed with at least one item pharmaceutical!)' acceptable 
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excipient or carrier such as sodium curate or dicalcium phosphate and/or a) fillers 
or extenders such as starches, lactose, sucrose, glucose, mannitol. and si licic acid, 
b) binders such as, for example, carboxymethylccllulose, alginates, gelatin, 
polyvinylpyrrolidone, sucrose, and acacia, c) humectants such as glycerol, 
d) disintegrating agents such as agar-agar, calcium carbonate, potato or tapioca 
starch, alginic acid, certain silicates, and sodium carbonate, e) solution retarding 
agents such as paraffin, f) absorption accelerators such as quaternary ammonium 
compounds, g) wetting agents such as, for example, cetyl alcohol and glycerol 
monostearate. h) absorbents such as kaolin and bentonite clay, and i) lubricants 
such as talc, calcium stearate. magnesium stearate, solid polyethylene glycols, 
sodium lauryl sulfate, and mixtures thereof. In the ease of capsules, tablets and 
pills, the dosage form can also comprise buffering agents. 

Solid compositions of a similar type can also be employed as fillers in soft 
and hardfilled gelatin capsules using such excipients as lactose or milk sugar as 
well as high molecular weight polyethylene glycols and the like. 

The solid dosage forms of tablets, dragees. capsules, pills, and granules 
can be prepared with coatings and shells such as enteric coatings and other 
coatings well known in the pharmaceutical formulating art. They can optionally 
contain opacifying agents and can also be of a composition that they release the 
active ingredient(s) only, or preferentially, in a certain part of the intestinal tract, 
optionally, in a delayed manner. Examples of embedding compositions which 
can be used include polymeric substances and waxes. 

The active compounds can also be in micro- encapsulated form, if 
appropriate, with one or more of the above-mentioned excipients. 

Liquid dosage forms for oral administration include, but are not limited 
to. pharmaceutically acceptable emulsions, solutions, suspensions, syrups and 
elixirs. In addition to the active compounds, the liquid dosage forms can contain 
inert diluents commonly used in the art such as, for example, water or other 
solvents, solubilizing agents and cmulsificrs such as ethyl alcohol, isopropyt 
alcohol, ethyl carbonate, ethyl acetate, benzyl alcohol, benzyl benzoate. propylene 
glycol. 1,3-butylene glycol. dimeth>l formamide. oils (in particular, cottonseed. 
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«ro U ndn Ut .c 0m . gem . ol ^^ 

a coho . po,e, h ,ene g ,yco, and fmy acid ^ „ f ^ ^ ^ 
thereof 

Ues.des men d.iuents, U.e orai compositions can al s „ include adjuvants 

-hasweuingagcnts.e.uisityinga.^uspend^a.ents.sweetcn.ng.flavonn, 
and perfuming agents. 

Suspensions.naddh.ontotheact.veco.pounds.cancontainsu.pending 
agents as for example, ethoxyla.ed isostearyl alcohois, polyoxyethy ,ene sorbitol 
and so,b,tan ester, m.crocrystall.ne cellulose, aluminum metahvdrox.de 
bentomte, agar-agar. and tragacanth, and mixtures thereof. 

Topica, administration inc.udes admimstraUon ,o the skin or mucosa 
."d-d* surfaces of.he lung and eye .Compositions for topica, administrate' 
■ncludmg .hose for lnhalatlon , can be ^ ^ _ ^ ^ ^ ^ ^ 

P-surized or no,pressunzed. ,n nonpressurized powder compositions, the 
acve .ngrediems ,n finely d.v.ded form can be used in admixture w.th a larger- 
.zedpharrnaceuticallvacceptabieinertcarriercomprisingpanicieshavingasize 

such as ,c,ose. Des.ably. at ,east 95* by weight ofthe particles of the active 
.ngred.cn. have an effective particle size in the range of 0.0. ,o lOum 

Alternatively, the composition can be pressured and con.a.n a 
compressed gas. such as n.trogen or a ,i q uef,ed gas propcl.ant. The liquefied 
propdlam med.um and indeed the to,, composition is prt;faablv such ^ ^ 
active , ngredients d0 no( dlsso)vc thercin tQ ^ substan . ai ^ ^ 

pressurized composition can also contain a surface active agent. The surface 
active agent can be a ,i qu id or solid non-ionic surface active agent or can be a 
sohd amonic surface active agent. „ is preferred to use the sohd an.on.c surface 
active agent in the form of a sodium salt. 

A further form of topical admiration is to ,he eve. The co mpflunds of 

h rr em inVCn, ' 0n Mn ^ dC ' iVWd a euticallv acceptable 

OP ti.aln.ic vehicle, such that the compounds arc ma.nta.ned .n contact ,,,h the 

ocularsurfaceforasufficientt.mcper.odto^owthecompoundstopene.ratetbe 
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rT Ch3mber ' V " re0US hu mo , vitreous humor, cornea' 

:ns/ciiiary\ lens, choroid/retina and sclera Th- „u 

bUera - Ihe Pharmaceutical* acceptable 
ophthalmic vehicle can be for ev-mmu 

lor example an ointment, vegetable oil or an 

encapsulating material. 

Condons for recta, m vagina , admmistra , ion ^ 
supposnones whlch can * prepared by ^ ^ ^ ^ 

™* suable non-.rriut.ng excp.en, or carrjers such „ ^ ^ 

release the drugs. 

^^-'-of t hepresen ti nvent,oncana Is obead m ini Slere ci,„ lh e 
fo^ of .posers. As is ,n the an. , ip oso m es a,e .ene.aUv derived f rom 
PHOSP ohpids or other hpid stance, Liposomes are forced by mo no- or 

An> non-tox-c, P h yS iolo g icaI.v acceptab.e and metabolite , ipid capab.e of 

-■pients and the Hke. The preferred ^ „ ^ ^ ^ ^ 
phosphat.d,, choline, (lecithins, both natura, and synthetic. Methods to for, 

1*33 et seq (]97(>)). 



Kits 



Aku 'susefulforcaroingoutthepresen.invem.on. The kit can have a 
earner means bring compartmentabzed ,„ Cose confinement to rece.ve two or 
-re container .cans therein, having (I > a firs, container means contam.n, a 

thCraPeU,,Ca "- V effCC,,VC ~ ^ ™ -gon* and (2) a second comamer 
-ans contain^ a therapeu.ica.lv effects amount of an agem ^ 
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PKA. (>p tl ona, ly . the ki, can have add.ona, conta.ner mMn(s ) con taming a 
therapeutical effecve amount of a RAR agon.s, and/or cytokine 

Dosaging 



One of ord.nary *„ apprcciatc ^ ^ ^ ^ ^ 

agents of the invents, RXR agomsts, agents capab.e of acivafng PKA RAR 
«, and cytobnes, can be determined etnptncaHy and can be etnp.oved in 
pure font, o r , where such forms exist, in pharmaceutic^ accepts ^ ester 
or prodrug fon, rhe agents can be ^ ^ ^ ^ ^ 

phannaceatic^cotnposmons.nco.nb.nat.on.Moneorntorephannaceuuca.lv 
acceptab.c extents. ,, wi„ be understood that, when administered t0 a human 

" b> ' wi.hi„ the scope of sound medical 

judgement. The specific therapeut.caily effective dose ,eve. for any panicu.ar 
pat-entwindependuponavanetyoffactors: the type and degree of the cellar 

»e spec.fic agents or composition emp.oyed: the age, body weigh,, general 
-eaith, sex and diet of the patient; *e ttme of admimstrat.o, route of 
adm.m.sttation, and rate of excretion of the agent; the duration of the treatment- 
drugs used in combtnation or coincidental with the specific agent; and , ike factors' 
wel. known in the medical arts. For examp,, is wei, w,, hin me *„ 0 f lhe „ 
to start doses of the agents at , eV e, s , ower ^ ^ ^ (q ^ 

destred therapeutic effect and to graduaily increase the dosages unti. the desired 
eflect is achieved. 

Forexample. satisfactory, resuits are obtained by oraladm.ntstrat.onofthe 
^'-^on««a^ rffeOTaoStol0lWday oj 

to 7.5 mg^cg/day. more preferably 0 1 to ^ me/ko^v ,a ■ ■ 

' mg.kg,day, administered once or in 

,-dcd doses. 2 to 4 timcsperda, On adm , nistratjon ^ 

by -.v. dnp or mfus.on. dosages on the order of from 0 . 0 , (0 5 
Pre.e rah ,v 0,5 to , , m& ,,, ay mJ ^ ^ ^ ^ f () ^ ^ 
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^oT Su,,ab,e dajlv dosa " s for pn m ,hus on the * < » 

,h 7t; 05 to25 ° mei ~>- *>* m s,.n dmor 

preferably 2.5 to 50 mg i.v. 

t P c t tem ' nCd CnnCCmraUOn ° f ^ » "'oo, as determined by 
hniqUeS 3CCePted ^ r0U, ' ne i0 - (WLC * Tnus paticn 

b> HPLC.cn the orderof from5 0to .000 ne / ml . preferably 150|oS00 

et:;:r mod, r ° ns ^ adapta,ions i ° * e — - 

or any embodiment thereof. 

As described herein, by "cc^ is ^ . pro(cin 
carbohydrate, lipid or a small molecule. 

As described here,. by V or "an" is intended one or more, unless the 
context clearly dictates otherwise. 

™ efo,1 -" 8 E*a mp ,^ 
to be construed as in any way to l,m it , he inven|]on 



Examples 

Example I 



As reported previously (Chen, J. V e, aL ,W, ,« :81 o. 822 (19%)) 

(Fifi. 1 a. top panel; Fig. 1 b. lanes 7. 1 2; Fig 1 c lane, S QM t • 
,. , , B ■ i c. lanes 5, 9) . I n keeping with the 
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(Compound IV)) selective retinoids induced differentiation as assessed by 
morphological criteria (Fig. .a. top panel), NBT reduction (Fig. lb .lanes.8 20) 
and CD! ,c m.egr.n expression (Fig. , c . lanes 13, , 5). That RAR pan-agonists 
mduce NB4 maturation through RAR« acUvat.on is also demonstrated by the 

observations u,at t heRARa. S elec, I ve a nta g o n] s.4- f ||5,6-Dihydro- 5 ,5-dimethy l - 
«-(3- q u 1 no.iny. ) - 2 - n aphthalen y l]carbony, ] amino]ben 2 oic ac.d (Compound II) 
decreased dramatica.lv the maturation induced by 9-cis retinoic acid (9-cis RA) 
(Hg. Ib. lane 8; Fig. , c . lane 6; similar data were obtained for ATRA not 
shown), ^expected the RARa agon.s, Compound I-induced differentiation was 
abrogated by Compound II or the RAR pan-antagonist (K)-4-[2-[8-(. 1 ' 

B lp he n y,H-yl)-5.6.dih y dro.5.5.d lm e t hy l .2-na P h,h a .c n y,Je,heny,jbenzoicacid 
(Compound V.) (Fig. , b , lanes I3 . 14; F]g ^ ^ 1Q) ^ ^ ^ ^ 

agonists, RXR agonists (SRI 1237) a.one were comple.ely inactive (Fig la top 
pane.; Fig. lb, lane 23 , Fig . lc . lane 17; see ^ R ^ 

^: 1950-1 956 (1997)). 

Sur P nsi n gly,how e ver.theSR 1 ,237rexinoidagonis,,whichisdevoidof 

presence of the protein kinase A (PKA) agonist 8CPT-cAMP which on ,ts own 
d-d not exhibit any differentiating activity. Morpho.ogical changes. CD.lc 
-tegnn expression and NBT reduction assays a!l demonstrated tha, the 
RXR-PKA crosstalk induced bona fide granulocytic maturation of NFJ4 cells as 
does ATRA (Fig. la, lower panel; Fig. ,b. lane 24. Fig. lc. lane .8). Similar 
results were obtained with other rexinoid agomsts (see below). Important.v 
ne,therRARa,.lective(Compound.,^^ 

■denfca. resu.ts were obtained with other RAR pan-antagon.s.s, affected 
Significantly the RXR-PKA synerg.sm for N134 maturation. irrespective of 
whether 9-cis RA or SR, ,237 was used as RXR agonist (Fig,. ,b. c) This 
excludes any contribution of serum-bome traces of retino.c acid as well as 
unrecognized weak RAR agonis, crossreacvity of SRH237. s, ncc R A R 
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agonist-induced differentiatiun is efficiently inhibited by these antagonists (see 
above). 

To provide additional evidence that it is not the RAR/RXR heterodimer 
whose PKA crosstalk induces differentiation, we took advantage of a recently 
discovered retinoid, 4-[ 1 -[5,6-Dihydro-3.x5-trimethy l-8-( 1 -methylethyl)-2- 
naphthaIeny]]ethen>l]benzoic acid (Compound V; U.S. Appl. No. 60/127,976, 
filed April 6, 1999. titled "Selective Retinoic Acid Analogs" (Atty. Docket: 

SD1 28*); and U.S. Appl. No. , filed April 22. 1 999, titled "Selective Retinoic 

Acid Analogs" (Atty. Docket: SD128a*)). This retinoid has the rather 
exceptional characteristics that it acts as strong RXR AF-2 (GAL-RXRa. Fig. 2a) 
and RXR homodimer (Fig. 2b, lane 3) agonist on 17mer- and DR 1 -based 
reporters, respectively, while it is a pan-antagonist for RAR AF-2s (Fig. 2a). and 
nearly inactive with RAR-RXR heterodimers on a DR5-based reporter (Fig. 2b t 
lane 7). Despite being virtually inactive on its own. Compound V did not inhibit, 
but rather synergized with, ATRA-induced transact! vation of such reporters 
(Fig. 2b, lane 8). In keeping with its inefficiency to activate the RAR'RXR 
heterodimer. Compound V alone did not exert any differentiate effect on NB4 
ceils (Fig. 2c). However, in presence of 8CPT-cAMP this retinoid induced 
maturation with a potency similar to 9-cis RA (Fig. 2c). Importantly, this activity 
was seen also in presence of a transact] vation-incompetent RARa. as it could not 
be inhibited by RARcc-selective (Compound II) or pan-antagonists (Fig. 2c). 

Without being bound by any theory, based the above data, two distinct 
pathways exist for NB4 cells to undergo maturation. One involves RARcc/RXR 
heterodimers and can be triggered by RARa agonists, while the second does not 
involve RAR-RXR heterodimers and depends on the crosstalk between RXR and 
PKA agonists. Monitoring cytokine signaling of NB4 cells by multiplex RNAse 
protection assays demonstrated that the two pathways do indeed trigger different 
gene programs. Most remarkably, the expression of G-CSF. which is weakly- 
induced by the PKA agonist 8CPT-cAMP (Fig. 3a, lane 9). is dramatically 
boosted by SRI 1237 (lane 1 5), even though SRI 1 237 on its own does not affect 
G-CSF expression (lanes 10-12). The factor of synergy was > 50-fold, leading to 
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a huge stimulation of G-CSF Bene „„„„■ 

„„„• , A «P«ss. on . which was undetectable in the 

C^f^ 1 ^™ es '"^ induced the expressions of M-CSF (lane 3^ and the 

C-X-Cche m ok I „e 1 „«erfe ron .induc,bleprotein,0( l P l O;Fi ? 3b ,ane3) »v h 
-e not seen w,th SR.1237 and/or KCPT-cAMP 0M CSF e 

further stimulated 8CPT-C A MP m^. r. ^"^kii^/ 

compensated b> cocxposure to SRI 1 237 leading 

ustote; T^^^"^™^* 1 *^^ 
us .o tes, whether ATRA- resisIant cdls ^ ^ " 

crosstalk, indeed, NB4-R2 cells rR„,h ,, c RXR-PKA 

«"«2« M3VigQ4« v (RUChaUd ' S e '°>- P ™ N*. Acad. Sc, USA 
M2* 432(, 9 o 4)) , whlcnarcrcsis[amlo ATRAdue(othe _ 

-"J*e %C oa oni „ fe ,, gMdbindi „ gdflmam „ fPM1 . w a ^ 

^^- fc «~^»"237 o,C^v plBll cpi^ 

(note that NB4, but not NB4 R? n „n 

NB4-R2. cells are growth inhibited by Compound I) and 
undcrwcntgranulocyticmaturationasconfim^HK , mpoundI)and 
, confirmed by morphological criteria NRT 

reduction (Fig. 4b), and CD 1 lcintegrin expression M u ^ 

„ . «"»cxp r «sion. Moreover, the rexinoid-PK a 

crosstalk induced the same pattern of™, 

„ pl , , m0fL - V,oklneex Pre S sionin\B4a J idNB4.R2 

cell,whereasATRAwasunab,etoinducclP,a.MCP, orM csr 

•He resistant ccl.s. as „ dld ln thc ^ ^^[^ 
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SCPT-cAMP, Confound , lnduced SQmc djtTeremiaiion 

morpholep! cell altera^ (Hg . 4b, ,op panels). 

RXR is a p romiscuous heterodlmeri2al]on pann£r 

nudea r n, ept o rs( Man g e,sdo r f,n.J. t va/X^«: 83 5.83 y(19 9 5) .c 
H^'-a udet ,V.,,_„^ /e2:I]7 3. 130 8(I995) c H 

/ft940-954 (,996)) and NB4 H fr ■ 

or 8-CPT-cAMP n„i • RXR agonist SRI 1237 

osstaiked at ^.M concentration with SCPT-cAMP m 

j"" ■ — ■»* . „ ta 

effect exerted bv S R n •> n ■ 1 l " e 

^ ^Ki l ^37 111 presence nf thf* w a „ 

induced 

- llij amerentiation m rcsnon^ tn th^ 

: ena,eh8 - d0fthe ^^ r w h encoe.po Se dtoSCPT. A MpTrr; k 

extnotd PKA agon.st s.v„ ergy ffi| , 3) . No cross(alk 
P-hway was seen with rexinoid antagonists, such as lhe RVR 
pan-antagonist HX53. (V,v at v , / ^""lecdw 
■ndtcattng , ha , the synereism 

conformation. '"nscnptton-activattng 

Without being bound hv anv a. 
rfifT • 3n> theor y- 11 «» concluded that NB4 cell 

ft: : bt " h, r - ™- **. — 

er ^ Rot agonists through RARa/RYp u 
rexinoid PKA ■ «AR«-RXR heterodimers or through 

rcxmoid-PKLA agonist synergism, (i) Due to "RYR e ^ r ■ 
h, f . r ^i^ucto RXR subordination" the RAR/RYR 

eterodtrner cannot re^ topure ^ **« 

l« ( Lh m a n ,.,. M., 0 , ,944-1 946 0992)- V^V ' 

"0(1995)). In addition Compound V. which 
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is a RXR homodimcr agonist and uad 

goni.st and RAR antagonist, was unabie to efficiently 
~ A, Mtaerofaon| , smvn(ii)1 

agon 1S ,,butnoton,heiro W n.bothSRll^ 7an()r ~PkA 
NB4celldifT ,■ • J>KI, - 37and f-ompoundVcfnciently induced 

-'-es RXR subordination" in ^ P 

oWe SRU23 , induced lRmsactivatjon ^ a ^ - 

-pressed RAR and RXR ,„ presence of , he pKA * 

myclo,d cells exhibited ma,ur a ,,on defects a, rh, , 8al ' VeRXR,n 

S Rr I u , „ Promyelocyte stage (Sunaga, 

h„ a- • 1 » ->« ( I 997)) indicating that RXR is not just a silent 

neterodimenzation partner of RAR anH r,i 

partner ol RAR and plays an active transcriptional role either 

mhetero-orhomodimerswhichi^rucialform. , • ■ 
whlVh j 31 fW m > elo PO>es.s. (v) NB4 mutant cells 

which do not respond to ATRA do efficients Hifr 
.u wncientjy differentiate via the rexinoid-l'K A 

S >ner B> between the PKA pathway and RXR homers or an a, ve 
^Uy. represent d - pave the way lowards altematIve (h s 

A r a : celis ftom re,apsed pa,iems - ^ ° b — «* 

' " J7:%4 " 971 (,995, '- d ^'-CS F( deGen,i,e A „«, 

^W 5 :,758-1762(I99 4 )).(ii)G-CSFandGMCSF ■ 

PKA and r • j ^andOM-CSF are superinduced bv the 

fKA and rexinoid agonists (Fig 3) and run ,k 

ATRA im„ ,u u ( } 56 Cyt0k,nes combi "^ with 

ATRA trT * ^ aemat °'° g ' Ca ' Sta,e °f A PL patients not previously receiving 

A RA therapy (Usukl . K fa , ^ ^ 

a comb.nat.on therapy using re ,i noi d. rexinoid and PKA 

MCe Chem otherapv can even become morc 
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eff, 1 en II nC-CSF,nduc,n g cond„ IO ns,a Streatm en t w jthr eco mbln an t (,CS 1 .„t- 
a pat.cn, ,n the th.rd re,ap se resi5l a„, to both cy , otox , dmgs ^ ^ 

,e„ S H,,d t heblasts,ocel 1 -c.vcle-dependen,a g en t sa„ d ,ed t oco mp ,e t e rc n 1 ission 
(Katayama, N. etal. Am J. Hemaiol J5:31-35 (1998)). 

K-^-^omstsynergism^ 

APLpat.emswithou.involving.ox.csubstanccsiikcarscnicioxidcCChenGO 
" ^ m °° d M:l052 -' 06 ' Soigne,. S.L. . aL. A' ^ , 

a con l,ne derived from a patient tha, was ^ um 

chemo- and ATRA therapy (Lanotte. M. * ^ 7?Mlm 
DuTOE.«^ £r ^ fatf:128I . 1287(ITO))ifami ^ dMtoam ^ 

■n .he hgand-bind.ng doma: n ofPML-RARa resulting in LBDtruncation and the 
■nab.lity t „ bind ligand . Evcn though ^ ^ ^ ^ ^ 

tKey efhcen.ly mature upon combined treatment with retinoid (which in human' 
c., ni cal trials did no, manifest stde effects that are normaHy associated w,,h 

re. lno idtherapy ( M 1 ,ler,V.A., u /..,c/,,.W. / 5:790-795( I 997 )))a ndPRA 
agonists. PML-RARa LBD mutation ,s the mam .dentified cause for ATRA 
-stance ,n patients and cel. lines (Imaizum.. M . el a , ^ ^ ^ 
(1998): Shao. W. « ./„ Blood (m7y R . ^ r ^ ^ 

^ y/:195 °- 1956 ( '" 7 » - d » '*ely that these resistant eel, can be 
s-rmlarly differenced as NB4-R2 cells upon treatment with rexmoid and PKA 
agon,s,s. Towards this goal novel rexinoid agonists and modes of augmenting 
-acel.ular cAMP leve.s by sl ,m ulating cA MP synthesis or .nhib.tin 

Phosphodiesterases, by app.yingsyntheticec.l-pcnetratingPKAagonists.suchas 

the cAMP stereoisomer &>-cAMPS or hv ^ ■ 

/ c/\ivir^, or by engineering tumor cell-targeted 

Uposome-delivenng drugs, will have to be tested for climel us, 
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Table 1 
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RXR transfections. V" agonist. 7+1" »T, J reporter were assessed by transient 

"nd". no, determined. ' ( ' ' ^ ag ° n ' St - " ' ama ? on,sl - "° activhy. 



Materials and Methods 



Retinoids. 4- [[ «2.3-D I h y dro-..U.3-,e,ra m e,hyl-2-oxo-lH-inden- 5 . 
yl)carbonyl]a mi no]be I1 zoicacid(Compou„dI : W09 8 /47861),4-[[[5.6.Dihydro. 

5,5-d 1 methy|.8.(3- q uinol 1 nyl)-2.naph.haIe n yl]carbon y ,]a m ino]benzoic'ac,d 
(Compound II; U.S. Patent No. 5.559.248: U.S. Patent No. 5 849 9?3) (E) * 
C W o ro .4.[2-(5.6-d^^^ 

ac 1 d(Compou n dIH;U.S.PatentNo.5,6 I 8.839),3-FIuo^ [[ (5.6,7,8,ctrahvdro- 
5.5.8 > 8-.et:amethyl-2-t l aph,halenyl)hydroxyacetyl]arnino|be„zoic 'acid 
(Compound IV; U.S. PatentN'o. 5.624.957). 4-[l-f5.6-Dihydro-3,5.5-trimelhyl-8- 
(l- m ethy,ethy, ) -2- tl aphth a lenvl]ethen y . ] bc n ,„icacid(Co m poundV;USApp, 
No 60,27.976. fiied Apn. 6, ,999. t , tle d "Selective Retinoic Acid Analogs" 
(Atty. Docket: SDI28*): and U.S. Appl. No. _^ . fi led ApriI 22 . , 999 ,^ 
Selecve Retinoic Acid Analogs" (AUv. Docket: SUI2B.*,). and (E)+p.p. 
U-r-B-phenv^-vD-.u.^^^^.,,^^,, 2 ^p^,^,^ 

and (Compound VI: W09W622H, were obtained from Bri«o|. Mv « S qu ,bb 
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j-^^,,^, aci , (Compound m) and D _ h ^_ 

(Compound V) follow: 




COOH 




COOH 



Compound til 



Compound III was synthesized by a meth od 
No- 5,618,839 using the fbllowi: 



Compound V 

described in U.S. Pat. 




3-chloro-4-hydroxyben Ml c acid as shown below: 



COOCH3 




Tf 2 0 



COOCHj 




COOCHj 




vinyl , 






tri butyl t 




tin 




OSOjCFj 








X CH 2 
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2 « - «... „, „,„,„„ or fc 

w 7,r M * ™>" -* - - - * *~ «,/ 

Cells and cultures. NB4 and NB4-R9 rp i k x 
n clh were cultured as previously 

«— « ,» e Ph « ^ „,„ „ „ ccnraBon - « 

light-protected. e 

Morphological and functional coll »w 

uwionaj ceil maturation analysis Oil 

«... ^ „„, „ ^ . » 

rz™ — — .™. — 

n7m „, . . . , ^ g ^^L-RAR ch.meras and the cognate 

07-nter),- g I obln , uciferase reporter gene as bribed (Chen J y ' 
F-MHOJ. J4:l 187-1 197, 1995)). 

F.„ w , vtometr7 . , nalysj$ of cDnc surfa£e 

xpres 7 of cm,c - , v direct immu j uore J; 

essenttally as described (Ruchaud S «„/ p v , ^escente. 

8«2 (1994)) Brief, V ^ 1 *' 9 ' M2i ' 

.abe,e 12 ^ ' nCUbati ° n ^ ^ ^ * PBS and 
-Wed », an a^ CD)lc FITC m ^ 

(Bec o, Dlcklnson , Ce)|s , hcn washed uvjce ^ 
P^aldehvdcPBS s „, utio , Cdls _ ^ ^ a ^ 
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KJ*A analysis. Total RNA was extracted with the Trizol reagent (Gibco 
BRT). The ribonuclease protection assay was performed according to the 
supplier's instructions (Pharmingen, San Diego, California). Briefly, human 
cytokine 4 and 5 template sets (45034P; 4503 5P) were labeled with ot- 32 P uridine 
triphosphate. RNA (4ug) and 6xl0 5 cpm of labeled probes were used for 
hybridization- After RNAse treatments, the protected probes were resolved on 
a 5% urea-poly acrylainide-bis-acry lamide gel. 

PML-RARa cDNA sequencing. Total RNA from NB4 and NB4-R2 
cells was purified and PML-RARcc specific mRNA was isolated using Dynal 
magnetic beads (M-280 streptavidin) coupled to a biotinylated PML-RARa 
oligonucleotide (specific forthe sequence at the recombination site). This mRNA 
preparation was used for RT-PCR with oligod("N")6 as primer and AMY reverse 
transcriptase at 42 3 C for 60 min. 1/20 of the RT reaction was used for PGR 
amplification with the primers R2L (CTG CCC CTG GAG ATG GAT GAT) 
(SEQ ID NO:l) and R2II (GCG GAG GGC GAG GGC TGT GTC) (SEQ ID 
NO:2) and the following conditions: 5 min at 95°C. cycle lmin 95°C, 2 min 
65°C. 1 min 30 sec 72°C, and then 10 min 72°C. The PCR product was gel 
isolated and cloned into the pCR 7 "2.1 AT sequencing vector. Clones were 
selected and PCR-tested for the presence of the insert. Positive clones were 
selected, plasmids were purified from these clones and DNA was sequenced with 
SP6 and T7 primers using the Perkin Elmer Big Dye kit and ABI 377 automatic 
sequencer. 

Example 2 

Effect of RXR ligand on cell lipid accumulation was evaluated in human 
breast cancer ceil line 1 47D in the absence or presence of 1 00 uM Ca\MP analog 
(8CPT-cAM P) (FIG. 5). Cells were treated with RXR alone (blue bars) and 
RXR* 100 uM of 8CPT-cAMP (red bars) for 7 days and stained for lipid 
accumulation by Nile Red (fluorescent lipid staining dye). Addition of CPT- 
cAMP increased differentiation of T47D breast cancer cells over RXR ligands 
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alone by 20% at I uM SRI 1 237 and hexarotene. No effect was observed in the 
presence of 100 uM CPT-cAMP alone. EC^ for lipid accumulation for RXR 
compound alone treated cells was 62 nM (bexaiotene) and 1 10 nM (SRI 1237). 
Addition of CPT-cAMP did not increase the sensitivity of T47D to differentiation 
by RXR compounds. These results demonstrate that activating the cAMP 
pathway can increase the differentiation response in breast cancer cells to RXR 
ligand. This biological strategy may serve as a viable combination therapy for the 
treatment of solid tumor cancers of epithelial origin. 

Materials and Methods 

Nile Red Staining Method 

Reagents. Fixing solution: 1.5% glutaraldchyde in PBS. Staining 
Solution: Stock Solution ( 1 mg Nile red and 1 ml acetone were mixed thoroughly 
and stored, chilled and protected from light). Working Solution: 4 ul stock 
solution was added to 1 ml of 75% glycerol (PBS) followed by briefly vortcxing; 
the dye solution was then briefly degassed by vacuum to remove bubble. 

Fixation. Slides were covered with 1.5% glutaraJdehyde for 5 minutes 
and then washed with buffered saline. 

Staining. For Fluorescence Microscope, a drop of dye-glycerol solution 
was added to a slide and covered with a glass coverslip. After 5 minutes, the 
slide was viewed by fluorescence microscope, F^xcitation 450-5OOnm, 
Emission>528nm. For Flow Cytofluorometry, the medium was aspirated off 
from cells and washed with PBS two times ( serum in the medium drained the dye 
out of the cells). Then the cells were trypsinized and washed with PBS to get rid 
of trypsin. The cells were spun down and resuspended in 1ml PBS (1-2 x 
lOVml). The stock dye was added direct!) to the cells suspension in PBS with 
1:100 dilution, and incubated at room temperature for a minimal of 5 minutes, 
and the samples were analyzed immediately. For Fluorescence Spectra, the 
medium was removed from %- well plates and the cells were washed once with 
PBS. The cells were fixed with 1 .5% glutaraldchyde for 5 minutes, then washed 
with PBS (cells can be unfixed). Diluted dye in PBS (1:100 from stock) was 
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added (o the cell,, incubated tor 5 minutes in,) ,h , 

488nmwi.h 9 r '"^ Md ,he P latc w « read a, E.xci.a.,on 

C 7 ce "l.neT4 7 Ow, obtainedfromAmericanT 

f CuIture / c ; Ilec,,on - M — vA ^^e.„, 5(w , fm ^ 



Example 3 



Synthesis Scheme 

l) 5£ ^•"^^.^-^etM.-W,- 



HOOC 




4(p-ToJyl)butyrjc acid 



H3COOC 




CH, 



Methyl 4(p-t 0 |y|)but>raic 



H3COOC 




CH, 



Methyl 4(p-toly|)butyrate 




2-mcthyl Sfp-toIyOpentan-^-ol 



CH, 



OH 




2-methy| 5(p-tolyI)pentan-2-o! 



J.2.;>,4-TetrahvdrcH.].7 
tnmethyl naphthalene 



5 
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10 



15 



20 




I,2,3,4-Tetrahydro-l,1,7- 
trimethyl naphthalene 




1.2,3.4- Tetrahydro-4,4,6- 
irimethyi-l-oxo-naphthalene 



CH 3 

l ,2.3,4-Ierrahydro-4,4,6- 
trimeth> I* I -oxo-naphthalene 




!,2,3,4-Tetrahydro-^4.4,6-trimethy|- 
7-bromo- 1 -oxo-naphthalene 



25 



30 



35 



40 



10 



2) Preparation of ethyl 4(l(tributylstannyt)-2-(trimcthylsilyl)-ethen-l-yl)- 
benzoate 



COOEt 




xx 



Ethyl 4-iodo-ben2oate 
COOEt 



COOEt 




Me 3 Si 



45 



Ethyl 4-cthynyl benznate 



Ethyl 4( l-lribulylstannyl-l-lrimethyl-silyl)- 
cihcn- 1 -ylVbcnzoatc 



50 



55 
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3) Preparation 



i reparation of4Tl^^^u j 
naphtha,eny,)ethe„^^ 



Bu 3 Si 



Me 3 Si 




COOEt 



Ethyl 4(I-tributy! S tannyl-]^imeti iy I-si!yl)- 
ethen-l-yI)-benzoate 




1.2,3,4-Tetrahydr(>4 p 4,6-irimethy]-7- 
bromo-I-oxo-naphthaJene 




COOEt 



Ethyl 4(,( 5 , 6 , 7 ,^ tetrahydro .3 i5 5 iri 

S^o^naphthalenyD^-trimethylsily]. 
ethenyI]benzoate 



MejSi. 




^^P^^^^methylsilyl^thcnyl] 



COOEt 



fthvUf 1(5,6,7,8 tetrahydn>3 5 S- 

tnm e thyl-8^o-2-naphtha! C nyV 
ethenyl] bcnzoatc 
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COOEt 



Kthy)4fl(5,6.7,8-t«rahvdro-3,S 5- 

trimethyl-8-oxo-2-naphihal e nyl)'«hcnvll 
benzoate 




COOEt 



Ethyl 4f3 1 5 t 5.trimethyl-5,6-dihvdro-8- 

■sopropyI-2-naphthalenyl)-ethenvl] 

benzoate 




COOEt 



Ethyl 4[3.5.5-irimttthyl-5,6Hjihydro-8- 
isopropyl-2-naphthaleny!)-etheny]] 
ben zo ate 




COOH 



4'[l(5,6-Dihydro-3,5.5-trimethy|.8- 

"opropy|.2-naphthalenyl)eih e nv|j benzoic 
acid 



Methyl 4-(p-tolyI)-butjrate 

(680 mL ) was treated with concentrated sulfuric acid (5.4 ml.). The reaction was 
•n- a. room temperature for , 8 hour. Sodium bicarbonate (. , 5 c ) was added 
and the mixture was stirred for , 5 mi„ u ,e, then concentrated. The residue was 
d.ssoived in ethy, acetate/water. The organic phase was separated and washed 

-thbrm^driedoveranJtydrousmagnesiumsulfate.nltere.andconcentratedto 

g .vc the titrcmateriaK.OS^^crudOasanoii which was used forthe next 

reaction. 

(2". d. W-S.2 Uz. .1-3 andII-5,. 3.68 (3H. , -OCH-,), 2.62 (2H t J=7 5 H, 
CH,-C0 3 Me, 2 34 (2H . , „. S „, .„< „. ,. ,33 (3H. s. -CH,. ,, 5 (2H q V 
•1=7.5 Hz. -CH,-CH,-CH : -). q 
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2-methyl-5-(p-tolyl)-pentan-2-ol 

A solution of methyl 4-(p-tolyl i-butyrate (10.K g. 56 2 mmol) in ether 
(215 mL) and benzene (215 mL) was treated dropwise {--15 minutes) with 
methylmagnesium bromide (3M in ethyl ether. 45 mL. 135 mmol). The mixture 
was stirred at room temperature for 1.5 hours, then cooled down to 0°C and 
treated with 10% aqueous ammonium chloride (1U0 ml.) The pi I was then 
adjusted to 6.5-7 with concentrated hydrochloric acid and the mixture was diluted 
with ethyl acetate ( = 200 ml,). The organic phase was separated and washed with 
brine/water 1:1, brine, dried over anhydrous magnesium sulfate, filtered and 
concentrated to give the title material (10,4 g. 96%) as a yellowish oil which was 
used for the next reaction. 

'H NMR 400 MHz (CDC1 3 ) 6 (ppm): 7. 10 (4H, s, H-2. H-3, H-5 and H-6), 2.60 
(2H, t, J-7.6 Hz, Ar-CH-,-), 2.33 (3H. s. Ar-CH-), 1.73-1.65 and 1.54-1.50(2 x 
2H, 2m, -CH 2 -CH 2 -) ; 1.22 (6H, s, 2 x -CH 3 ). 

1^^,4-Tetrahydro-l J J-trimethyl-naphthalene 

A solution of 2-methyl-5-(p-tolyl)-pcntan-2-ol (10.4 g. 54.1 mmol) in 
ethyl ether (100 mL) at 0 3 C was treated with concentrated sulfuric acid (64 mL). 
The mixture was stirred at 0 G C for 1.5 hours, and then poured into a mixture of 
ice/water. The mixture was diluted with ethyl ether, the organic phase was 
separated, washed w r ith water (2 x), saturated sodium bicarbonate and brine. The 
aqueous phase was extracted with ethyl ether and combined organic extracts were 
dried over anhydrous magnesium sulfate, filtered and concentrated to give the 
title material (9.6 g, 100% crude) as a yellowish oil which was used for the next 
reaction. 

H NMR 400 MHz (CDCi,) 6 (ppm): 7 14(111, br s, H-8), 6.96 (2H, d. J-7.7 Hz, 
H-5), 6.91 (1H, br d. J=7.7 Hz, H-6). 2.74 (2H. t, J-6.3 Hz. H-4). 2.32 (3H. s, - 
C1L-7). 1.83-1.77 and 1.68-1.65 (2 x 2H, 2m. H-3 and H-2). 1.29 (6H, s.2x- 
CH r l). 
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,, '' 3,4 " Ie,rahVdr0 - 4 - 4 ' 6tri «-''.v'- 1 .o,„. napb , hlllene 

A ^on of '^.^y^,.,^^ 

55 mmoJ). potassium bromate ( , " P ma ' Cnc (9 " 60 8. 

fcr6hour, The mixture was ^ ^ «-*«.* 85 C 

fibred and concentrated rh •„ ^"^^""^umsuMate, 
acCorfessoil. ' » «« UUe materia, (,2 g ,^ )as 

m ^)^(c m - ). 2940,29,0,2840.1670 ( C=O) , , 600 

H NMR 400 MH? imn \ * , 

-»■»"^x , z^r , r l, * 7a,,,l '' 

<».-cH,,»» 3 „„,,., 61Hi ,;.; ; 

189 (MH)* ' S ' 2 X - CH ^) MS DC; 



To a M suspens,on of a,u m inum tnch.oride (,., g 8 , mmo , . 
dichloromethane (2 5 ml) w « 3 j i ■ , 8 ' 8 " ' mmo, > » 

v mi.) was added a solution of I 2 1 4-t e , r ^ < „ , 
tnmethvl-l-oxo-naphthalene (0 564 „ , n ■ te ^>dro-4,4. 6 . 

«. «„ g w „ „, j °"' 5 mL - ~»" ™ ««. 
• 
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triturated in told hexane (0.700 g. 87%). 

1R AfBr) u„„ (cm -. ); 296 0, 2930 _ 2g60 )67s (( , =0) 

'HN.Vm.OOMH^COC,^^,,,^ ^' 

(2H, t, J=6.8 Hz. H-2) 0 C C3H « ru „ , )- 72 

Anal. Calcd. for C n H ;5 BrO: C 58.44, H 5.66. 

Found: C 58.12; H 5.78. 

EthyU-ethynyl-benzoale 

A solution of ethyl 4-iodo-benzoa.e (55 ? K n 2 m h • 

temperature for I U, r tu ««rca at room 

'H KMR 400 MHz (CDC1 J 6 (pp m): 798 (2H d J=8 4 Hz H 2 h h « 

nu j , «,„ , v ,J fi4 H7 * H-2 and H-6), 7 5? 

The crude .ateria! was diiutcd in ethanol (500 mL) and poIass]um 

carbonate (2.4 g) was addeH tu , • Potassium 

gJ was added. The resulting mixture was stirred ovemiohr « 
temDeratnrp rt, overnight at room 
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IR (KBr) u^, (cm ): 3300 (-C-H). 2980, 2940, 2910, 2110 (-C = C-), 1715 
(OO). 

'H NMR 400 MHz (CDC1 3 ) 6 ( P pm): 8.01 (211, d. J"8.2 Hz, H-2 and H-6), 7.56 
(2H, d. J=8.2 Hz, H-3 and H-5). 4.40 (2H. qa. J--7.1 Hz, -OCH : -). 3.24 (1H, s, 
= C-H), 1.41 (3H, t,J=7.1 Hz,-CH,). 

Ethyl 4-{l-(tributYlstannyI)-2-{trimeth>lsilyl)-ethen-l-jl)-bcnzoatc 

A mixture of ethyl 4-ethynyl-bcnzoate (27.0 g, 0.155 mol), 
trimethylsilyltributyitin (65 mL. 0.186 mol), tetrakis(tnphenylphosphine) 
palladium(())(2.9g)in dioxane (270 mL) was purged with argon, and then heated 
to 85 W C for 1 .5 hours. The mixture was cooled down to room temperature and 
concentrated. The residue was purified by silica gel pad chromatography (10.5 x 
15 cm, 0 to 5% ethyl acetate/hexane) to give the title material (83.0 g, 100%) as 
a slightly yellowish oil. 

'H NMR 400 MHz (CDC1 ,) 6 (ppm): 7.95 (2H. d. J=8.2 Hz, H-2 and- H-6), 7.03 
(2H. d, J=8J Hz, Ho and H-5), 6.57 (1H, s, ethenyl H), 4.38 (2H, qa, J-7.1 Hz, 
-OCI I r ), 1 .4 1 (3H, t, J=7. 1 Hz, -OCHX H,), 1 .4 1 (6H. m, 3 x -CI I 2 - ), 1 .26 (6H, m, 
J=7.3 Hz, 3 x -CH.-Cri-CHO, 0.91 (6H. m, 3 x -SnCH 2 -). 0.86 (9R t. J=7 3 H7, 
3 x -CH.-CH-J, 0.1 9 (9H, s, -Si(CH,) 3 ). 

3. Preparation of 4-fl-(5,6-dikydro-3,5,5-trimethyJ-8-isopropyl-2- 
naphth alenyt) ethenyl j benzoic acid 

Ethyl 4-|I-(5,6,7 t 8-tctrahydro-3,5,5-trimethyI-8-oxo-2-naphthalcnyl)-2- 
trimethylsilyl-ethenyljbenzoate 

A solution of 1.2,3,4-tetrahydro-4,4,6-trimethyl-Uoxo-7-bromo- 

naphthalene (8.5 g, 31.8 mmol) was purged with argon (2 x). Lithium chloride 

(4.0 g). copper iodide (0.860 g) ; tetrakis(triphenvlphosphine)palladium(0) f 1 .8 g, 

1 .6 mmol) and ethyl 4-(l-(tribur>'lstannyl)-2-Unmethy lsilyl)-ethcn-l -yl)-benzoate 

(24.0 g, 44.5 mmol) were then added and the resulting mixture was again purged 

with argon. The mixture was heated to 80 °C lor ~4 hours, and then cooled down 

to room temperature. The mixture was poured into cold water (II.) and was 
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diluted with ethyl ether. The organic phase was separated., washed with cold 
water (2 x IL), saturated sodium bicarbonate (1L). brine, dried over anhydrous 
magnesium sulfate, filtered and concentrated. The residue was purified by silica 
gel chromatography (8 x 15 cm, 0 to 5% ethyl acetate/toluene) to give the title 
material which was triturated in hexane (12.2 g, 88%). 

'HNMR 400 MHz (CDC1 3 ) 6 (ppm): 7.94 (2H. d, J-8.3 Hz, H-2 and H-6), 7.85 
(1H, s, H-D, 7.31 (2H, d, J=8.3 Hz, H-3 and H-5), 7.22 (1H, s, H-4), 6.53 (1H, 
s, ethenyl H), 4.37 (2H. qa, J-7. 1 Hz, -OCH 2 -), 2.76 (2H, t, J=6.7 Hz, H-7'), 2.03 
(2H, t overlapped by -CH r 3', H-6'), 2.03 (3H, s, -CH 3 -3'), 1.43 (6H, br s, 2 x 
-CH 3 -5'), 1.39 (3H, t J-7.1 Hz, -CH,-CH 3 ), -0.17 (9H, s, -Si(CH,) 3 ). 
Anal. Calcd. for C^H^Si: C 74.61; H 7.89. 

Pound: C 75-08; H 7.94. 



Ethyl 4-[l-(5,6 T 7,8-tetrahydro-3,5,5-trimethyl-8-oxo-2-naphthalenyl)- 
ethenyljbenzoate 

A solution of ethyl 4-[l-(5,6.7,8-ietrahydro-3,5,5-lrimethyl-8-oxo-2- 

naphthalenyl)-2-trimethylsilyl-ethenyi]benzoate (12.0 g, 27.6 mmol) in 

dichloromethane (900 mL) was treated with trifluoroacetic acid ( 1 00 mL) at 0°C. 

The mixture was stirred for 1 8 hours and allowed to reach room temperature. The 

mixture was diluted with toluene ( - 1 00 mL) and concentrated. The residue was 

purified by silica gel chromatography (8x15 cm, 0 to 5% ethyl acetate/toluene) 

and gave the title material as a yellowish solid which was triturated in hexane 

(9.7 g, 97%). An analytical sample was recry stall ized in hexane. 

IR(JtBr) (cm 1 ): 2970. 2950, 2910. 2875, 1712 and 1685 (CO), 1605. 

II NMR 400 MHz (CDC1 ,) 6 (ppm): 7.97 (2H, d. J-8.4 Hz. H-2 and H-6), 7 91 

(1H, s, H-l'), 7.31 (2H, d, J-8.4 Hz, H-3 and H-5), 7.22 (1 H, s, H-4 ), 5.86 (1H, 

d. J=0.6 Hz, ethenyl H). 5.35 (1H. br s, ethenyl H), 4.38 (2H. qa, J-7.1 Hz, 

-OCH r ), 2.76 (2H, t, J=6.8 Hz. 1 1-7")- 2 05 (3H. s. -CHj-3'). 2.07-2.04 (2H, 

t overlapped by -CH 3 -3', H-6 ), 1 .43 (6H, s. 2 x -CH r 5'), 1.40 (3H,t. J-7.1 Hz, 

-CH,-CH0. 

Anal Calcd. forC 24 H 36 0 3 - c 79.53; H 7.23. 

Found: C 79.26: H 7.30. 
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Ethyl 4-|(3,5,5-trimethyl-5,6-dihydro-8-isopropyl-2- 
□aphthalcnyl)ethenyl]bcnzoatc 

In a three-necked flask, cenum(III) chloride heptahydratc (13.5 g, 

35 mmol) was dried lor 2 hours at = 1 45 °C under vaccum (for more details on the 

drying procedure, see J Am. Chem. Soc. 1 / 7:4392-4398 (1989)). While still hot, 

argon was introduced and the flask was cooled to 0-5 °C and tetrahydrofuran 

(120 mL) was quickly added with vigorous stirring. The ice-bath was removed 

and the solution was stirred overnight ( - 1 8 h) at room temperature. The solution 

was then cooled down to 0-5 °C again and isopropyl magnesium chloride ( 1 2 mL 

of 3M solution in ethyl ether) was added dropwise and the mixture was 

vigorously stirred for 1.5 hours. A solution of Ethyl 4-[ 1 -(5,6,7, 8-tetrahydro- 

3.5,5-tjirnethyl-8-oxo-2-naphalenyl)-ethenyl]benzoate (prepared above) (9.06 g. 

25 mmol) in tetrahydrofuran (1 5 mL) was then added dropwise to this mixture 

and the resulting mixture was stirred for 45 minutes at 0-5 °C. Acetic acid ( 1 0%, 

100 mL) was slowly added and the mixture was extracted with ethyl ether 

( - 1 00 mL). The organic phases were washed with water, saturated sodium 

bicarbonate and brine, dried over anhydrous magnesium sulfate, filtered and 

concentrated. The residue was purified b> silica gel chromatography. The title 

material was obtained (6.1 g, 63%) as a white solid along with the starting 

material (1.0 g, 11%) and ethyl 4-[(3,5.5-trimethyl-5.6-dihydro-8-hydroxy-2- 

naphthalenyl)ethenyl]benzoate (1 .0 g. 1 1%). 

1R (KBr) (cm''): 2970, 2960, 2950, 2920, 2870. 1710 (OO), 1605. 
'HNMR 400 MHz (CDC 1 3 ) 6 (ppm): 7.98 (2H. d, J=8.3 Hz, H-2 and H-6), 7.37 
(2H, d, J=8.3 Hz, H-3 and H-5), 7.1 8 and 7.12 (2 x III, 2 s, 1 1-1 ' and II-4'), 5.85 
( 1H, br s. etheny ! H), 5.77(1 H, t, J-4.6 Hz, 1 1-7'), 5.35 ( 1 H. br s. etheny 1 H), 4.38 
<2H, qa, J=7.1 Hz, -OCH ; -), 2.95 (1H, m, J=6.7 Hz, -CH(CH 3 ) 2 ), 2.22 (2H, d, 
J=4. 6 Hz, H-6'). 2.01 (311, s, -CII r 3'). 1.40(3H,t, J=7.1 Hz. -CH ; -CH ? ).L27 (6H, 
s, 2 x -CH 3 -5), 1.16 (6H. d, J=6.8 Hz. -CH(at) 2 ). 
Anal. Calcd. for C :7 H 32 0 : : c 83.46: H 8.30 
Found: C 83.27; H 7.67. 
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4-|l-(5,6-Dihydro-3,5,5-trimethyl-8-isopropvl-2- 
naphthaknyl)ethenyl] benzoic acid 

A solution of Ethyl 4-[(3,5,5-trimemyl-5,6-dihydro-8-isopropy]-2- 

naphthalenyl)ethenyl]benzoatc (3.9 g, 10 mmul) was saponified by dropwise 

treatment with sodium hydroxide (ION) and stirred at room temperature. The 

solution was cooled down to 0-5 c C and IN 1 101 was added dropwise with 

vigorous stirring. After stirring, the resulting white precipitate was filtered, 

washed with water and dried. After work-up, the title compound (3.1 g, 86%) 

was afforded as a white solid. 

IR (KBr) (cm '): 3330-2300 (br), 1690 (C=0), 1605. 

'H NMR 400 MHz (DMSO-d,) 6 (ppm); 7.90 (2H, d, J=8.4 Hz, H-2 and H-6|, 

7.36 (211, d. J-8.4 Hz, H-3 and H-5 J, 7. 1 8 and 7.08 (2 x 1 H, 2 s, H- 1' and H-4' I, 

5.96 ( 1 H, s, ethenyl H), 5.75 (1 H, t, J=4.4 Hz, H-7'), 5.32 ( 1 H. s. ethenyl H), 2.89 

(1H, m, J-6.7 Hz, -CHiCH^), 2.15 (2H, d, J=4.3 Hz, H-6'), 1 .96 (3H, s, -CH r 

3'), 1.21 (6H, s, 2 x -CH r 5*), 1.09 (6H, d, J-6.7 Hz, -CII(CH 3 ) ? ). 

Anal. Calcd. for C :i H 3S 0 2 : C 83.29; H 7.83. 

Found: C 83,24; H 8.37. 

All documents, e.g., scientific publications, patents and patent 
publications recited herein are hereby incorporated by reference in their entirety 
to the same extent as if each individual document was specifically and 
individually indicated to be incorporated by reference in its entirety. Where the 
document cited only provides the first page of the document, the entire document 
is intended, including the remaining pages of the document. 
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What Is Claimed Is: 



^"HKAK) agonist; and 

h " P»«» kinase A (PKA). 

2 - The method of claim 1 f,,*^ 
«* »*« a phMmaceutlcaJK . effe " ^ (c) a dministenng l0 

aecmisl (RAR). am ° Um ° f 3 acid receptor 

3 - The method of claim 1 forth 

6 - The method of claim s „,k • 

a Con ,, daim5 ' Wh ~ d AP L , resisttnItotreatmem 



with an RARo agonist 

7 The method ofclaim 4. wherein 



said cancer is breast cancer. 



8 ^^thod of claim ,. whcreinsajddi . . 

u,sease is psoriasis. 

9 The method of claim J . wherein said R vp . 
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10. The method of claim 1, wherein said agent is a PKA agonist. 

1 1. The method of claim 10, wherein said PKA agonist is selected 
from the group consisting of 8-bromo-cAMP, Sp-cAMPS, 8CPT-cAMP, 
dibutyryl-cAMP, Sp-5,6-DCl-cBiMPS. adenylate cyclase toxin, forskolin, 
L-858051, and Sp-8-pCPT-cGMPS. 

12. The method of claim 1, wherein said agent is a compound which 
increases cAMP level. 

1 3 . The method of claim 1 2, wherein said compound stimulates cAMP 
synthesis. 

1 4. The method of claim 1 3, wherein said compound is selected from 
the gmup consisting of adenylate cyclase toxin, forskolin, and L-858051. 

1 5 . The method of claim 1 2, wherein said agent is a compound which 
inhibits a phosphodiesterase. 

16. The method of claim 1 5, wherein said compound is selected from 
the group consisting of RO 20-1724. Rulipram, Rtazolate, and 3-isobutyl-l- 
methylxanthine. 

17. The method of claim 2, wherein said RAR agonist is a RARa 
agonist selected from the group consisting of 9-cis retinoic acid, sdl-trans retinoic 
acid, (4-[[(2,3-Dihydro-l,l ,3,3-tetramethyl-2-oxo- 1 H-inden-5- 
yl)carbonyl]amino]bcnzoic acid), AM-80 and AM-580. 

18. The method of claim 3, wherein said cytokine is selected from the 
group consisting of a granulocyte colony-stimulating factor (G-CSF), granulocyte 
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prophage c„,onv, tlmuIatlng ^ 

stimulating factor (M-CSF) macrophage colony- 

19 A pha ™ a ce U ,ical composite compns.ng (a , a • , 
receptor (RXR) agonist; and fly) ^ w . - . . " " 8 ( * > 3 re,lnold X 
kinase A (PKA). " * ° f ac,lva "ng protem 



20 The composition of claim 19 f„rth„ 
^id receptor ag 0n i st . ' C ° mPrisin8 (c '> a "*noic 



21 - The composition of claim 19 fimh., 

fimher com P rlsi ngfd') a cytokine. 

22. ^composition of claim |o, wherein said RXR 
-ted from tne group consjstjng "«R a g on,st W ls 

and SRI 1237. ' "^^''I'^nyljbenzoicacid, 



23 The composition of claim 19 wherein . ^ 
agonist. ' here,n M,d «8«K (b ) is a PKA 



2 >- The composition of claim 19 • 
-pound wh i ch mcreascscAMpieveL ^ - ^nt <*) is a 



26 ' rhe eom Position of claim 25, wherein 
cAMP synthesis. d com P°""d stimulates 
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27. The composition of claim 26. wherein said compound is selected 
trom the group consisting of adenylate cyclase toxin, forskolin. and L-858051. 

28. The composition of claim 25, wherein said agent (b') is a 
compound which inhibits a phosphodiesterase 

29. The composition of claim 28, wherein said compound is selected 
from the group consisting of RO 20-1 724, Rolipram, Etazolate, and 3-isobuty 1- 1 - 
methylxanthine. 

30. The composition of claim 20, wherein said RAR agonist (c*) is a 
RARa agonist selected from the group consisting of 9-cis retinoic acid, al\-trans 
retinoic acid, 4-[[(2,3-Dihydro- 1 . 1 ,3,3-tctramethy 1-2-oxo- 1 H-inden-5- 
yl)carbonyl]amino]benzoic acid, AM-80. and AM-580. 



3 1 . The composition of claim 2 1 . wherein said cytokine (d') is selected 
from the group consisting of a granulocyte colony-stimulating factor (G-CSF), 
granulocyte macrophage colony-stimulating factor (GM-CSF) and macrophage 
colony-stimulating factor (M-CSF). 

32. A kit usefuJ for carrying out the method of claim L comprising a 
carrier means being compartmentalized in close confinement to receive two or 
more container means therein, which comprises: 

(1) a first container means containing a therapeutically 
effective amount of said RXR agonist (a); and 

(2) a second container containing a therapeutically effective 
amount of said agent capable of activating PKA (b). 

33. The kit of claim 32. further comprising a container containing a 
therapeutically effective amount of an RAR agonist. 
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5 

34. The kit of claim 32. further comprising a container containing a 
therapeutically effective amount of a cytokine. 

10 35. A method of inhibiting proliferation of breast cancer cells, said 

method comprising: 
5 (a) administering an RXK agonist, and 

15 (b) administering an agent capable of activating protein 

kinase A. 



20 



36. The method of claim 35. wherein said breast cancer cells are from 
T47D cell line. 
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